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Introduction
D The evaluation of a disease process may be difficult even under ideal conditions. The natural history of the disease should be known, and a treatment should be designed and employed only if it can improve the prognosis of the natural course of the disorder. If more than one treatment is available, determining which is better may compound an already complex problem. Furthermore, a specific treatment can be evaluated and compared to another only if the criteria for each are the same.
A critical evaluation of the treatment of cerebral aneurysms by intracranial operation is attempted here through a careful analysis of a large number of patients treated by a number of neurosurgeons from different areas of this country and abroad, as part of a Cooperative Treatment Study. Hereafter, the analysis will be referred to as, "the Study." Following Dandy's 1 monograph in 1944, sporadic reports of surgically treated aneurysms by the direct intracranial approach appeared in the early 1950s. In the main, these reports indicated principally that intracranial operation for aneurysm was feasible. They indicated that in experienced hands an operative ap-proach could be executed successfully by removing the aneurysm from the circulation, thereby preventing recurrent hemorrhage and at the same time preserving the parent vessel which also supplied the brain. Under certain circumstances, the patient with an aneurysm, particularly one that had ruptured, could then-be given assurance that he would have no further difficulty from that aneurysm.
It is difficult to know if any other message was conveyed by these reports except to suggest that this lesion might one day be "routinely" treated by the direct approach. During the ensuing three decades, it became evident that this was not easily accomplished. Mortality rates remained high, and questions continued to be raised concerning the wisdom of treating aneurysms in this manner. Mortality rates following intracranial operation covered a wide range and it was apparent that many factors were responsible for a successful outcome. The information given by various writers was so heterogeneous that no conclusions could be drawn. For example, some authors discussed only operative mortality; others reported overall mortality. The specific site of the aneurysm was defined clearly in some series; in others it was not. Operative procedures were not always described precisely, so that interpretation of what the surgeon had actually done was difficult. In some instances, extracranial carotid ligation was performed as well as intracranial operation, or only a hematoma may have been evacuated and the aneurysm left untreated.
INTRACRANIAL SURGERY
Immediate and late complications following operation were not indicated or fully described. Reports of treatment frequently did not take into account the condition of the patient at the time of operation, or how soon after a bleeding insult the operation was carried out. Proper comparisons could not be made because the criteria were not the same.
In 1955, Graf 2 raised questions regarding the validity of such statistics. There was concern that as greater enthusiasm to attack aneurysms by the "direct approach" developed among neurosurgeons, ideas and impressions conveyed by these reports might be misleading. Because of the unlimited number of variables involved and the painfully slow accumulation of a significantly representative number of aneurysms at various sites on the circle of Willis necessary to provide meaningful data, the evaluation of this form of treatment presented an almost insurmountable task for any one neurosurgeon during his lifetime. Some suggestions were proposed as to how more significant evaluations of this form of treatment might be accomplished. The ponderous nature of the problem was evident. It was recognized that extraordinarily rigid criteria and absolute objectivity were necessary to bring about reliable conclusions. As greater experience with intracranial surgery accumulated, the problems became more imposing. It was apparent even then that the most important factors governing the success or failure of surgical treatment were: (1) the patient's condition (especially the neurological deficit) after the subarachnoid hemorrhage and particularly at the time of operation; (2) the presence of intracerebral hematoma; (3) "vasospasm"; (4) the time elapsed between subarachnoid hemorrhage and operation; (5) the age of the patient and the state of his cerebral blood vessels; (6) the intracranial pressure at the time of operation; and (7) the site of the aneurysm. To this list was added (8) whether or not the aneurysm had ruptured. Although these conditions were considered most important, others could have been added. Thus, the great number of variables makes comparisons of results of treatment extremely difficult to interpret. It was further evident that a much wider experience in the management of large numbers of patients under comparable conditions was needed to obtain the information necessary to determine the efficacy of this particular treatment. The Cooperative Study of Subarachnoid Hemorrhage and Intracranial Aneurysms 3 was established and designed to find answers to questions of this nature.
Although a great deal of statistical information was gathered, it became apparent that answers to many questions were unsatisfactory because: (1) opinions and bias frequently entered into the results as described; (2) the nature of the question was such that it could not be answered without qualification; (3) interpretation of the questions varied; and (4) questions were simply left unanswered because of lack of infor-mation, or a positive answer was not considered possible or available. Perhaps this was due to improper design of the study. In the Cooperative Study of Subarachnoid Hemorrhage and Intracranial Aneurysms, 3 697 patients with single aneurysms at three major sites had intracranial operation. The mortality for 180 patients in the year 1956 to 1957 was 33%. In 1958 (128 patients), it was 30%; in 1959 (132 patients), 36%; and in 1960 (128 patients), 34%. In the interval between the years 1961 and 1964 (129 patients), the mortality remained rather constant at about 26%. The decreasing mortality appeared encouraging as it represented gross mortality rates which included deaths occurring during the follow-up period after discharge from the hospital. However, the lower mortality rate in the 1961 to 1964 period was probably due to fewer follow-up reports, and those reports that were available covered a shorter period of time in general than those in the years prior to 1961.
These figures, which represented the results for intracranial operation, were justifiably criticized. Critical examination revealed that the statistics were invalid and misleading. Since intracranial surgery for aneurysms at various sites was done by surgeons with different techniques and experience under conditions comprising a host of variables, an accurate appraisal of its value represented only what was accomplished in isolated groups of patients under "uncontrolled" circumstances. Concepts concerning the type of patient subjected to intracranial operation changed during the study period. For example, a subject who was younger and in good condition was more readily acceptable than one who was older, in poor general condition, or who had severe neurological disability. Surgeons' attitudes and decisions toward operation became more cautious and critical. Concern with "optimal" timing for operation after subarachnoid hemorrhage, the characteristics of the aneurysm, and other angiographic findings (vasospasm, atherosclerosis, and so forth) became prominent in patient assessment.
The Cooperative Study 3 revealed that although the nonsurgically treated population was "adversely distorted by a tendency to select more favorable cases for operation, this selection was mitigated to some degree by the fact that nearly one-half of the surgical cases were from a clinical trial designed to avoid selection." It appeared that although a high percentage of patients considered suitable for operation were relegated to a nonsurgical treatment category, their inclusion did not make the whole group entirely unselected. This favorably influenced the prognosis of the total nonsurgical group of patients because they were patients in better condition. Furthermore, patients reported by McKissock et al., 4 " 6 who were considered likely to die from the immediate effects of the hemorrhage or were unable to tolerate digital carotid occlusion, were excluded from randomization and assigned to a conservative treatment category. This indicates to the authors that selection phenomena favorably influenced the prognosis of the surgical group and that the differences in survival were directly related to such selection. It is our opinion that the exclusion of such a selective group of patients, whose fate is predictable, is biased and invalidates making a comparative evaluation of surgical versus nonsurgical treatment because it was carried out under different conditions. A more significant study was made by Troupp and Bj5rkesten 7 in which they reported the results of a controlled trial of late surgical versus conservative treatment of intracranial aneurysms. Only about one-third of the patients with subarachnoid hemorrhage seen by them were acceptable for the trial, and all were good-condition patients. The decision for surgical or conservative treatment was made on the average of 51 and 50 days, respectively, following subarachnoid hemorrhage. They adhered to a specific technical surgical regimen. Comparing intracranial operation to conservative treatment (bedrest) in good-condition patients who survived at least 15 days (with intervals to 127 days for the surgical and 171 days for the nonsurgical group, when a decision of a specific treatment was made), it was their opinion that neither treatment was superior to the other. In their conservatively treated group of 92 patients, nine died of recurrent hemorrhage -five during the second month after the initial bleed, three in the third and fourth months, and one 17 months after the first bleed. In 86 surgically treated patients, there were five deaths, one occurring in the hospital; four between one month and four years after what was considered to be an unsuccessful aneurysm stalk ligature. These figures may be more significant because the authors approached the problem by defining rigidly the conditions for selection of patients and relegating patients to a specific type of surgical treatment. In the present study, an attempt was made to appraise meticulously a mode of treatment of intracranial aneurysms under the confining rules of a protocol intended to be scrupulously objective. It is evident that an endless number of variables makes an absolute comparison unlikely. Objections to the method of evaluation will undoubtedly be raised because of defects inherent in any study of this type.
It must be remembered that intracranial surgery was a treatment program placed in the design of the Study; however, all patients allocated to intracranial surgery did not have such treatment accomplished. Experience has shown that early (one to seven days) surgical treatment is more hazardous than when applied later. Under circumstances such as this, can one justifiably include a predictable biological fact in a statistical mathematical formula? The design of a protocol may call for precise answers to questions, but dependent information necessary for an answer may not be available. A question may be asked in such a way, for example, that an unqualified answer cannot be given. However, if each treatment category is considered in the same way, each failure theoretically cancels the other. Although this may be the case when numbers are the same at a particular point in time, can this be applied to a complex comparative analysis? For example, if intracranial surgery was not accomplished, can this be the same as treating the patient by bedrest, or is it noted as a failure of surgical treatment whether the patient survives or not? In the present Study, 40 patients failed to receive intracranial surgery for one reason or another. This does not mean, however, that intracranial operation was of no value, but only that one or many factors precluded surgical management. (table  3) which were randomly allocated among four treatment categories for detailed analysis. Subarachnoid hemorrhage was proved by lumbar puncture prior to demonstration of a single aneurysm by angiography of three or four vessels. Specific aneurysm locations were grouped into one of four major sites: internal carotid, middle cerebral, anterior cerebral-anterior communicating, and vertebral-basilar arteries. Analysis of aneurysm location (tables 4 to 7) reveals the origin of most defects to be at major arterial bifurcations in the majority of instances. Overall distribution by sex shows slightly more females (table 8) . The internal carotid group alone had 64% females.
Several factors were considered in the comparative evaluation. These included age, sex, blood pressure, neurological and medical conditions, state of the patient's blood vessels as noted by physical examination and angiography, and presence of "spasm" of the cerebral vessels. Included also was the interval between subarachnoid hemorrhage and randomization, interval between subarachnoid hemorrhage and operation, technical aspects of the operative pro- Table 9 compares the number of patients for each aneurysm site with interval to randomization from last bleed. There were 152 patients (55.5%) allocated to intracranial surgery within seven days, 90 patients (32.8%) in the 8 to 21-day interval, and 32 patients (11.7%) in the 22 to 92-day interval. Fifty (18.2%) had an aneurysm on the internal carotid distribution, 38 (13.9%) on the middle cerebral, 180 (65.7%) on the anterior cerebral-anterior communicating complex, and six (2.2%) on the vertebral-basilar-posterior cerebral circulation for a total of 274. Due to the paucity of cases collected with a single aneurysm located on the posterior portion of the circle of Willis, analysis of patients at this site was discontinued (June 19, 1967) . Four of the six patients died subsequent to intracranial operation, one remained alive, and one had no operation due to anticipated difficulty in access to the aneurysm. The foregoing analysis includes the 268 patients with a single aneurysm located on the anterior portion of the circle of Willis. The overall mortality was 43.3% (116 of 268) in January 1973. Included in this figure are 40 patients who never had the surgical procedure to which they were allocated. Thirty-one patients had an aneurysm on the anterior cerebral complex, five on the internal carotid system, and four on the middle cerebral distribution. Treatment was not accomplished in 24 patients because they died after randomization and before surgery could be undertaken (table 10) . The remaining 16 were considered unsuitable for intracranial operation. The mortality in those patients in whom treatment was not accomplished was 80% (32 of 40). Of the 24 patients who died before surgery could be undertaken, six succumbed to "progressive deterioration" from the direct cerebral effects of the original bleeding episode between the second and seventh day following the initial bleed. Thirteen deaths were associated with proved rebleeding occurring in four instances within two to seven days; in seven instances between the tenth and sixteenth day; and one each on the twenty-second and ninety-second day after the initial insult. Three patients died from a suspected recurrent hemorrhage three, ten and 16 days respectively from the initial bleed, and one each died with a pulmonary embolism and with cardiorespiratory arrest. Of the 24, eight initially had minimal symptoms and signs, whereas 16 had conditions which varied from a major neurological deficit to one in which the patient was unlikely to survive. The medical condition was classified as good in seven, fair in five, poor in five, prohibitive in seven. Fifty percent (12 of 24) of the patients were considered in poor and prohibitive medical condition and 54% (13 of 24) were in poor neurological condition. Their age distribution was in the latter fifth, sixth and seventh decades. Therefore, one can say with reasonable certainty that surgical treatment would have been associated with a high mortality in this group.
Site of Aneurysm, Interval From SAH to Randomization

Distribution of Specific Location of Each Aneurysm on the Anterior Cerebral-Anterior Communicating Artery
Analyzing the 16 patients considered unsuitable for intracranial operation, there were eight deaths (50%). Three died from the direct cerebral effects of the original bleeding episode in an interval ranging from 17 days in two instances to nine months in one. Three subjects in good medical and neurological condition rebled and died, two on the twenty-seventh day after the initial SAH, and one three years later. Two died of severe pneumonia. The specific reasons for exclusion from operation include nine in whom surgery was prohibitive because of profound neurological deterioration, three who refused surgery, and in one instance each one of the following occurred: aneurysm at the take-off of anterior choroidal artery, myocar-dial infarction, chronic lung disease and pulmonary infarction, and anterior spinal artery occlusion syndrome at angiography. Eight patients remained alive.
Within the three-week interval following randomization, 19 subjects with an anterior communicating artery aneurysm, and two each with an aneurysm on the internal carotid and middle cerebral artery died. Nine deaths occurred after the three-week period, four following recurrent hemorrhage from an anterior communicating artery aneurysm, and one from an aneurysm on the internal carotid. Death in nine of the 40 patients was due to progressive deterioration. Four deaths were attributed to severe medical causes, all in patients with anterior cerebral complex aneurysms -one before and three after the third week following their last SAH. In this small group of patients, it appears that the anterior cerebral complex aneurysm is the most lethal when left untreated. Death occurred from progressive deterioration or from rebleeding in 62.5% (25 of 40) of patients who did not have a definitive surgical procedure.
Thirty-one (17.2%) of 180 patients with anterior cerebral complex aneurysms were not operated upon for the reasons stated (table 10) . For example, 19 were in such poor neurological or medical condition that operation was considered fruitless. Eleven rebled and died after randomization and before operation was carried out. Statistically, these are considered failures of operation when the entire treatment group is considered. A progressive downhill course in eight instances and prolonged coma in one precluded operation. Pulmonary embolism caused the death of one patient, and one had a cardiopulmonary arrest. Twenty-seven of 31 unoperated patients died (87.1%), 13 of the 27 (48.1%) from recurrent SAH.
In summary, deaths in this group of 40 patients total 32. Twenty-six were considered to be in poor neurological condition after SAH and therefore not considered good surgical candidates. Sixteen of the 32 (50%) died after recurrent hemorrhage. If these 32 deaths are excluded from the total of 116 in the intracranial surgical treatment category, the mortality falls to 36.8% (84 of 228).
We believe there is a valid objection to include in the comparative evaluation of a particular treatment patients who never had allocated treatment. In defense of including in the total mortality those patients who TABLE 7 
Posterior Circle: Distribution of Specific Location of Each Aneurysm on the Vertebral-Basilar System
Totcri Location died before surgery could be performed, it has been argued that they could have been operated upon earlier in the course of the disease once a proper diagnosis was made. This reasoning might be questioned. This might mean that immediately after the diagnosis of aneurysm was secure, an intracranial operation should have been executed regardless of the patient's condition. In this comparative study, it appears that patients allocated to intracranial surgery were for the most part in good (130) or fair (84) medical condition. An uncomfortable bias begins to appear. The knowledge that the fate of patients in poor medical and neurological condition with or without operation is highly predictable, makes their inclusion in the total mortality questionable.
INTRACRANIAL SURGERY
Treatment Followed According to Protocol
Intracranial operative treatment was accomplished in 228 patients. A definitive operation was performed, but the specific method of approach was left entirely to the judgment of the surgeon. A planned procedure, for example, obliteration of the neck of an aneurysm, may have been changed because of the risk of hemorrhage or of compromising the circulation, and another tactic ("trapping" or "coating") substituted. A definitive procedure was done in an effort to prevent rebleeding from the aneurysm, but it may have been considered inadequate. A specific surgical procedure was performed in 45 patients with an aneurysm on the internal carotid artery, 34 patients with an aneurysm on the middle cerebral artery, and 149 patients with an aneurysm on the anterior cerebral complex. Therefore, intracranial surgery was employed four times more frequently for anterior cerebral complex aneurysms than for those of the middle cerebral, and three times more frequently than for internal carotid aneurysms, indicating the relatively large number of anterior cerebral aneurysms in this series.
The interval between SAH and definitive treatment has been a crucial factor in evaluation of various modes of therapy, especially in relationship to surgical treatment. In this Study, it was the surgeon's obligation to pursue definitive treatment as soon as possible subsequent to treatment allocation. The interval from randomization to surgery (table 11) was seven days or less in 85.9? O (196 of 228). Reasons for delay beyond seven days are as follows: in five patients with an internal carotid aneurysm, operation was delayed in one instance each for a scalp infection, a rebleed after randomization, cerebral vasospasm, preoperative treatment with epsilon-aminocaproic acid, and poor neurological condition; in five middle cerebral aneurysms, operation was delayed due to poor neurological condition in two patients, a personal death in the family in one, and no reason was given in two instances; in the 22 patients with anterior cerebral complex aneurysms, five were in poor neurological condition, four had severe vasospasm, three rebled soon after randomization, and one each had an ileus, fever of unknown origin, poorly controlled diabetes mellitus, and lower gastrointestinal bleeding. In six instances no reason was given in spite of each patient being in good neurological condition at the time of randomization.
Eighty-four patients (36.8%) died as of January 1973. Forty-eight deaths (57.1% of 84) followed progressive neurological deterioration after surgery (table 12) . Thirty-eight of this group (79.2%) died within 17 days following the surgical procedure. The remaining ten remained in poor neurological condition and died at various intervals; five deaths occurred between 18 days and three months after surgery, four occurred during the three-month to five-month inter- val, and one occurred two years after surgery. Eleven deaths were preceded by a proved rebleeding episode (table 12) -five within 20 days from the surgical procedure, two during the 21-day to 62-day interval, two during the sixth month after surgery, and one each at the twenty-eighth and forty-fifth month after surgery. Five deaths followed suspected rebleeding; four occurred between the second and thirteenth month after surgery, and one 47 months later. Eighteen patients died from unrelated causes; three died within 14 days following surgery, and the remaining 15 died 70 days to 62 months later. The three deaths within the 14-day period were due in one instance each to pneumonia, pontine hemorrhage, and myocardial infarction. The remaining 15 deaths were caused by myocardial infarction in six, pneumonia in three, pulmonary embolism in two, carcinoma of lung in two, and one each from carcinoma of ovary, and cerebral embolism. If the unrelated and unknown causes are excluded, a forbidding mortality figure of 76.2% (64 of 84) was produced by progressive deterioration, recurrent, or suspected rebleeding. The Overall mortality from these causes was 28.1% (64 of 228), and clearly reflects a failure of certain operations.
Distribution of Patients by Aneurysm Site With Regard to Interval (Days) From Randomization to Surgery
Age and Neurological Condition Related to Mortality
We wish to emphasize that when one speaks of the "condition of the patient" before operation, this refers to his neurological condition at the time of randomization, not to his condition on the day the operation was performed. In some cases condition between the day of randomization and the day of operation may have changed, in some better and in others worse. The data in the protocols do not give precise information in this regard, a fact which must be considered an omission. Since treatment allocation was determined after the angiographic diagnosis of a single aneurysm, the inter- val between SAH and operation was obviously greater than that between randomization and operation.
The mortality was 36.8% under all neurological conditions in 228 patients with an aneurysm at one of three major sites, and in whom an intracranial operation was performed. There were 73.7% (168 of 228) in neurological conditions 1 and 2 (table 13). Only 14 were in a variable state of responsiveness with a neurological deficit (Grades 4 and 5). The mortality in this group was 50% (7 of 14), while the age distribution for this same group extended from the fourth through eighth decades (table 13) . Although the younger age group had a tendency to be in better neurological condition than the older group, this tendency was not as great as expected.
At all sites, aneurysms were found most frequently in patients 40 to 59 years of age, with about equal frequency in the fourth and seventh decades. After the third decade, there was a progressive rise in mortality. Despite the high incidence of aneurysms in the latter decades (sixth and seventh), it was evident that age became as important as the neurological condition at the time of operation ( fig. 1 ).
INTIRNAL CAROTID ANEURYSM
In the internal carotid group, the gross mortality for intracranial operation was 46.7% (21 of 45, table 14). In the second through the fourth decades, 2 of 11 patients with internal carotid artery aneurysm died following progressive deterioration after the surgical procedure. Three of these had preoperative major neurological deficits; one died. Among 25 patients in the fifth and sixth decades, there were 13 deaths. Ten subjects had major preoperative deficits (Grades 3, 4, and 5). One of these was poorly responsive. Three of seven who deteriorated progressively were seriously ill from the very outset (Grades 4 and 5).
Four fatalities occurred in the 60 to 69-year age group. All died following progressive deterioration within 17 days after surgery. Both patients in the 70 to 79-year-old group died within 11 days of the surgical procedure following progressive deterioration. The mortality among those in all age groups in poor 
•Number in parentheses denotes deaths. neurological condition (Grades 3, 4 and 5) was 52.9% (9 of 17). Seven of the nine deaths occurred in the 40 to 59-year age interval.
Thirty-eight percent of patients with internal carotid artery aneurysm were in poor neurological condition at the time of operation (17 of 45), an indication that selection or bias did not enter into the problem of aneurysms in this location.
MIDDLE CEREBRAL ANEURYSM
Operative repair of aneurysms on the middle cerebral distribution was associated with a gross mortality of 35.3% (12 of 34, table 15). Six deaths occurred among 17 patients who were in good condition (Grades 1 and 2). Among the 16 patients in poor condition (Grades 3 to 6) before operation, there were six deaths. Therefore the proportion of deaths in the two groups was approximately the same for this relatively small group.
Twenty-one aneurysms were found in patients in the fifth and sixth decades combined, nine in the third and fourth decades combined, and four in the seventh decade. In the third and fourth decades there was one death among the nine patients, and that death was due to a proved rebleed eight days after surgery. In the fifth and sixth decades, nine fatalities among 21 patients (42.9%) were observed, six associated with a progressive deteriorating state, two from unrelated causes, and one following recurrent SAH. The two deaths occurring in the seventh decade were attributed one each to progressive deterioration and unrelated cause. Age differences in the fourth through seventh decades again appeared to influence mortality. The prognosis was better in patients who were younger than 40 years of age.
ANTERIOR CEREBRAL ANEURYSM
Among this group, the gross mortality was 34.2% for all ages (51 of 149, table 16). The frequency of anterior cerebral complex aneurysms was slightly greater in the sixth than in the fifth decade of life (43 and 35 cases, respectively). In the second, third and fourth decades combined, the mortality was 17.8% (8 of 45); in the fifth and sixth decades combined, it was 41.0% (32 of 78). In making the calculation for each decade, one notes a progressive rise in mortality. In the second decade, for example, there were no deaths. However, the number of patients was small (five). In the third decade, mortality was 6.7% (1 of 15); in the fourth 28.0% (7 of 25); in the fifth 34.3% (12 of 35); in the sixth 46.5% (20 of 43); in the seventh 37.5% (9 of 24), and in the eighth 100% with death in both subjects.
In contrast to the middle cerebral and internal carotid groups, of whom 52.9% and 62.2% respectively were considered in good condition at the time of operation, 81.9% (122 of 149) were so considered in the anterior cerebral category (table 16). The number of patients operated in good neurological condition (122) was four and one-half times those in poor condition (27). The mortality among those with no or minimal symptoms was 34.4% (42 of 122), and 33.3% in those with a major deficit (9 of 27). One patient who was poorly responsive at the time of operation died from progressive deterioration 11 days after surgery.
The eight deaths which occurred in the third and fourth decades were all due to progressive deterioration postoperatively with one exception. That patient died from a proved rebleed 18 days after surgery. Among the 32 patients who died in the fifth and sixth decades, 14 died following progressive deterioration, nine from unrelated causes with all but three occurring more than 50 days following the surgical procedure, seven from a proved rebleed, and two from a suspected rebleed. In the 60 to 69-year-old group, there were nine deaths; six followed progressive deterioration, and one each after a proved rebleed, suspected rebleed, and an unrelated cause. Both patients in the eighth decade died, one each from progressive deterioration and a suspected rebleed.
The much greater number of patients in good condition in the anterior cerebral complex category would suggest that a ruptured aneurysm on the anterior cerebral artery may be a less lethal lesion than that of the internal carotid or middle cerebral artery. However, the analysis of good-condition patients with respect to age reveals there is an important difference in the age group above or below the age of 50. A mortality of 25.4% was observed in goodcondition patients below the age of 50, while those who were 50 years of age or more had a mortality of 44.1% (table 17) . This same difference in mortality was noted in the poor-condition group. A mortality of 23.5% was observed in poor-condition patients below the age of 50, and 50% in those age 50 or above. A similar observation was seen in the middle cerebral group (table 17) . However, those patients with an internal carotid aneurysm did poorly in all categories except in the group below 50 years of age in good condition. The mortality in that group was 14.3%, whereas in the remaining three categories the range was 44.4% to 71.4%. It is clear that age was a factor as important in prognosis as was neurological condition, so that poor condition and older age influence the prognosis more adversely than either alone.
Age and Medical Condition Related to Mortality
The introductory remarks made with regard to neurological condition (page 565) also apply to the overall medical status of the patient. A major difference is that most medical conditions are less likely to fluctuate to the same degree. In general, once a medical condition is recognized, it must be taken into consideration with other factors as a course of therapy is outlined.
At the time of treatment allocation, each patient was appraised as to the degree of risk for a major surgical procedure using the rating scale of "good," "fair," "poor," and "prohibitive." This classification had nothing to do with the aneurysm per se. A "good"-condition patient was alert and normotensive. He had no more than a degree of fever and was considered to be in good health prior to his subarachnoid hemorrhage. In general, patients in "fair" condition had a degree of underlying medical disease such as hypertension, cirrhosis of the liver, advanced age, mild to moderate anemia, poor nutrition, generalized atherosclerosis, or chronic pulmonary disease. A patient with more than one adverse factor or the presence of one heavily weighted factor (e.g., recent myocardial infarction, electrolyte abnormalities, malignant hypertension, advanced atherosclerotic disease) was regarded as being in "poor" condition. Patients in a "prohibitive" category had a complicated illness with one or more undesirable factors which were pre-existing or which developed during the interval prior to allocation of treatment and subsequent to hospital admission.
The presence of various medical factors had a clear influence upon mortality (table 18) . For all sites, patients in good condition had a mortality of 29.2% (38 of 130); those in fair condition 44.0% (37 of 84), and those in poor condition 69.2% (9 of 13). Of considerable interest is the number of patients in fair and poor conditions. Within the total 228 patients, 97 (42.5%) were in these two conditions, and 130 (57.0%) were in good medical condition (table 18) . Compared with good-condition patients, those in fair medical condition had a higher mortality in each site category (tables 19 to 21). For each site, mortality was 50% or more in those 50 years of age and older. Therefore, for 
Middle Cerebral: Distribution of Patients With Respect to Medical Condition by Age in Decades
•Number in parentheses denotes deaths. 
Anterior Cerebral-Anterior Communicating: Distribution of Patients With Respect to Medical Condition by Age in Decades
•Number in parentheses denotes deaths. medical as well as neurological condition, mortality is greatly influenced by age.
Further analysis was made statistically after grouping all cases into good neurological condition (Grades 1 and 2) and poor neurological condition (Grades 3, 4, and 5). These were tabulated with respect to two age groups, below 50 years, and age 50 or above. Medical condition was also subdivided into two subgroups for purposes of this analysis. Good medical condition patients were placed in Group 1, and those listed as fair and poor medical conditions were designated as Group 2. The data used for this analysis are listed in table 22. By means of various Chi-square contingency tables, there was a significant increase (P < 0.05) in mortality in those age 50 or above who were in good neurological condition. Mortality in Group 2 medical condition was also significantly increased in the older age group. Analysis of mortality with respect to age and medical and neurological condition revealed that age over 50 years and Group 2 medical condition had greater adverse effect upon survival than neurological condition.
The number of deaths for each medical condition was proportional to the total number of patients in 570 each site (table 23) . Progressive deterioration or complications of treatment other than rebleeding was the major cause of death at each site category (48 of 84, 57.1%, table 23). Eighteen (21.4%) died from un- related causes, 11 (13.1%) followed a proved rebleed, and five (6.0%) followed suspected rebleed.
Mortality Among Subgroups of Neurological and Medical Condition: Patients Above and Below Age 50
In addition to medical condition at the time of randomization, a general question was asked of the surgeon at the time of operation concerning his impression of the patient as a candidate for major surgery, disregarding the technical operability of the aneurysm. One of three general medical conditions was designated, namely, good, fair, or poor. By referring to table 18, the mortality in patients with good, fair or poor medical conditions at the time of allocation of treatment was 29.2%, 44.0%, and 69.2%, respectively. Table 24 reveals that in patients whose medical conditions were appraised on the day of surgery, 31.1% died who were in good condition, 40.8% in fair condition, and 64.7% in poor condition. Perusal of all patients in each medical condition reveals no important differences developed between the day of allocation of treatment and the day of surgery (see tables 18 and 24). Analysis of deaths in patients who had surgery performed at specific intervals following the last bleed was also significant. For all patients operated upon within 14 days from their last bleed, 44.5% died (65 of 146) and for all patients operated on beyond the 14-day interval 23.2% (19 of 82) died (table  25) . Therefore, regardless of site or condition, more deaths occurred in patients operated on within the 14day period than in those who had their operations subsequent to this interval, particularly in those who were regarded to be in fair or poor medical condition.
The medical disorder associated with or present at the time of acute hemorrhage was designated on the registration fascicle. The most frequently noted condition was pre-existing hypertension. In many instances the magnitude and duration of hypertension were unknown. Table 26 shows the distribution of pre-existing hypertension among the total group with respect to aneurysm site and medical condition. There were 13.8% good-condition patients with pre-existing hypertension, 27.4% in fair condition, and 46.1% in poor condition. The one patient in prohibitive condition later improved and was operated on 87 days after his last bleed. The significance of these figures remains to be fully explained. Yet, there appears to be a clear 
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'Number in parentheses denotes deaths. correlation between overall medical condition and the existence of some degree of previously observed elevated blood pressure.
Further details on specific medical disorders which were known previously or discovered at the time of subarachnoid hemorrhage are tabulated in table 27. The category with pre-existing hypertension had a 55.3% mortality (26 of 47). The next most frequent condition was heart disease and arteriosclerosis. Although these groups had a high mortality, their incidence was low. The frequency of various disorders was considerable in the fair-condition and poorcondition groups. In the good-condition category, 25.4% (33 of 130) had various medical disorders, in the fair-condition group 46.4% (39 of 84), and in the poorcondition group 61.5% (8 of 13). There were 27 patients with miscellaneous conditions in the group designated "other." Included were patients with diabetes mellitus, alcoholism, and psychiatric dis-orders. Other isolated conditions noted were obesity, hernia, emphysema, dermatitis, arthritis, gout, and pregnancy.
Mortality With Respect to Neurological Condition and Interval From Last Bleed to Surgery
INTERNAL CAROTID ANEURYSM
Fifty patients with an internal carotid aneurysm were allocated to intracranial operation. In five, treatment was not accomplished for reasons previously noted (table 10), leaving 45 for analysis. The mortality in January 1973 was 46.5% (21 of 45, table 28). Eleven were operated on within five days of the last SAH and of these, six died (54.5%). There were eight deaths among 12 patients who had surgery during the 6 to 11day interval. Two patients died among the six operated on 12 to 17 days from the last SAH. There 
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All Sites Combined: Distribution of Patients in Each Medical Condition With Known Pre-existing Medical Disease -Some Patients Had Multiple Conditions
PrahlbJtlv* (1)
*TotaI patients in each condition. fNumber in parentheses denotes deaths in each subgroup. Actual mortality in patients with one or more medical conditions. were 16 patients who had their operation after 17 days. Five died.
Table 28 also shows the distribution of patients with respect to neurological condition at the time of randomization. Mortality was high for patients in any condition if the operation was performed within 14 days from the last bleed. A surprising number of patients died who were in good condition (10 of 15, Grade 2). The average time between SAH and angiography was 6.4 days (range 0 to 35), between first angiographic procedure and surgery 10.2 days (range 0 to 64), and between SAH and operation 16.6 days (range 0 to 72).
MIDOLI CEREIRAl ANEURYSM
Of 38 subjects with a middle cerebral artery aneurysm, two patients died before surgery could be performed and two were considered unsuitable due to poor neurologic condition ( 
*Number in parentheses denotes deaths. last bleed. However, there were six deaths among 14 patients who had their operation between six and 14 days following their last bleed. Mortality in the 17 patients operated on 15 days or more following the last bleed was 35.2% (6 of 17).
Six deaths occurred in 18 patients in good condition (Grades I and 2); in 13 patients who had a major neurologic deficit (Grade 3) there were four deaths; in three Grade 4 patients there were two deaths.
Intracerebral hematoma, the result of a ruptured middle cerebral aneurysm, was found in ten of the 34 patients (29.4%). In one the hematoma was not recognized at angiography. Although the presence of an intracerebral hematoma indicates a destructive lesion, the expected hemispheric defects did not appreciably influence mortality. Four of the ten patients died after surgery, two from a progressive downhill course, one due to a proved rebleed eight days after surgery, and one from a cerebral embolism eight months later.
Seven of the 12 deaths in this middle cerebral group were associated with progressive deterioration; two had proved rebleeding episodes, and the remaining three died of unrelated causes (one each due to cerebral embolism, myocardial infarction, and pulmonary embolism). Since the smallest collection of aneurysms occurred at this site, specific conclusions from detailed analysis is limited. However, nearly one-half (16 of 34) of the patients at the time of operation had major defects or were poorly responsive. The average time between SAH and angiography was 7.5 days (range 0 to 47), between first angiographic procedure and surgery 16.3 days (range 0 to 113), and between hemorrhage and operation 23.8 days (range 0 to 113).
ANTERIOR CIRHRAL ANEURYSM
One of the greatest neurosurgical challenges resides in the surgical repair of an aneurysm at the anterior cerebral-anterior communicating region. The mortality in 149 patients treated by direct intracranial attack was 34.2% (51 of 149). This figure reflects the mortality in those who had their surgical procedure accomplished and died prior to January 1, 1973. Thirty-seven percent (56 of 149) were operated on within eight days from their last bleed, 69.1% (103 of 149) were operated on within 14 days, and 82.5% (123 of 149) were operated on within 20 days (table 30) . Eighty-two percent (122 of 149, including 15 who were symptom-free, Grades 1 and 2, table 30) were in good neurological condition. The mortality in this group was 34.4% (42 of 122, table 30). This compares with a mortality of 33% (6 of 18) for the same group of patients with a middle cerebral aneurysm in similar neurological condition (table 29) , and a mortality of 42.8% (12 of 28) for the internal carotid group (table  28) . By far, most patients (111) were operated on during the 14-day interval from three to 17 days following their last SAH. Of this group, six were symptom-free (Grade I) with one death, 85 had minor symptoms (Grade 2) with 35 deaths (41.2%), 15 had a major neurological deficit but were fully responsive (Grade 3) with seven deaths (46.5%), four had impaired mental status and were in a lethargic state (Grade 4), but there were no deaths, and one was poorly responsive and died 11 days after surgery. In the group of 
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'Number in parentheses denotes deaths. patients operated on after 17 days from their last SAH (32 patients), there were five deaths (15.6%), three due to a progressive downhill course after surgery, and two from a suspected rebleed.
The average time between SAH and angiography was 5.1 days (range 0 to 42), between angiography and surgery 8.7 days (range 0 to 86), and between SAH and operation 13.2 days (range 0 to 87). On the average, the anterior cerebral group of patients had the diagnosis of aneurysm made earlier and had definitive treatment sooner than did those patients with an internal carotid or middle cerebral artery aneurysm. The reason for this is not entirely clear, particularly since the number of patients in the treated anterior cerebral group was respectively about three and four times greater than the internal carotid and middle cerebral groups. This might be explained by the fact that one large contributor submitted only anterior cerebral-anterior communicating cases.
Early (first week) surgical treatment of intracranial aneurysms has been considered to be more hazardous than when applied later, that is, two or three weeks after SAH. Following the two-week or three-week interval, patients are generally in better condition. Many, who in the early days following SAH would not be good candidates for operation, improve to a point more favorable for intracranial surgery. Many, who early might have been operated on in poor condition, go on to die during the first days following the initial bleed. Those patients initially relegated to conservative treatment because of poor condition may therefore be considered surgical candidates because they have improved after the second or third week. Such uncontrolled trials have distorted figures favorably or unfavorably for surgery, depending upon the approach in making comparative evaluations.
Rebleeding Prior to Surgery
The number of proved bleeds in the patient's history was requested specifically on each protocol. The interval between bleeds (where at least two occurred) was noted with respect to the episode which brought the patient to the reporting hospital. This information was analyzed in order to determine what influence multiple episodes of prior bleeds may have on postoperative mortality.
INTIRNAL CAIOT1D ANEURYSM
Eight patients had an initial subarachnoid hemorrhage an average of 19.7 days (range 3 to 46 days) prior to the episode which prompted admission to the reporting hospital. Three additional patients had their initial bleed two to three years previously. These 11 patients (24.4% of 45) were distributed among the following neurological conditions at the time of randomization: one in Grade 1, six in Grade 2, two in Grade 3, one in Grade 4, and one in Grade 5. Therefore, previous bleeds in the recent history had no influence on neurological condition or mortality. The 24.4% with more than one bleeding episode prior to hospitalization, obviously characterized by minor symptoms only, should make one aware that multiple ruptures of single aneurysms may occur without association of severe neurological deficit. Three deaths occurred in this group during the postoperative period,
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two due to progressive deterioration, and one from a suspected rebleed.
M1DDLI CUIUAL AtOURYSM
Analysis of total bleeding episodes in the past history in this group reveals that eight patients (23.5% of 34) had two or more bleeding episodes within 21 days of the bleed that prompted hospital care. The average interval between the two bleeds was 9.8 days (range 2 to 21 days). One additional patient bled four and onehalf years previously. Another patient rebled between randomization and surgery, but there were no reports of rebleeding between hospital admission and randomization. Two patients in this group had three episodes (dates unknown). Four patients were in Grade 2 and five were in Grade 3 at the time of entry into the Study. There were three postoperative deaths, two from progressive deterioration, and one due to cerebral embolism.
ANTWOk CniUAL ANEURYSM
Among the surgical group (149), 26 patients (17.4%) had two or more bleeding episodes prior to admission. Following admission, three patients rebled between hospital admission and the angiographic procedure, five others rebled between the first angiographic procedure and randomization (four occurred at the time of angiography), and nine patients (6%) rebled during the interval between allocation of treatment and surgery. Therefore, 34 patients (22.8% of 149) had two or more bleeds prior to or during angiography, with an additional nine (total of 43, or 28.9% of 149) who had two or more bleeds prior to operation. The distribution of neurological conditions in the operated group was as follows: four patients in Grade I, 12 in Grade 2, eight in Grade 3, and two in Grade 4. There were 11 deaths (32.3% of 34), a similar proportion to the internal carotid (3 of 11) and middle cerebral group (three of nine). Seven died from progressive deterioration postoperatively, two had a proved rebleed, and one each died of pneumonia and carcinoma of the ovary.
Cerebral Angiography
All patients with subarachnoid hemorrhage had a cerebral angiographic survey for determination of the location and size of the single aneurysm. No standard format was used in the technical approach to these studies among the various Centers. Variations in technique such as local versus general anesthetic, bilateral common carotid and direct vertebral angiography versus three-vessel retrograde femoral studies, duration of angiographic procedure, amount of contrast medium used, and number of procedures to visualize the entire cerebral circulation varied among Centers. Some Centers pursued angiography within hours of admission to the hospital; others allowed routine scheduling of the procedure. Because of these variables, an analysis was made with respect to several important factors which were related to subsequent management of the patient. These included number of procedures performed, complications, associated abnormalities (whether or not related to the aneurysm), vasospasm, interval from last bleed to first angiographic procedure, interval from last bleed to randomization, systolic and mean blood pressure, and size of the aneurysm.
Multiple angiographic procedures were performed on 109 of the 268 patients (40.7%) allocated to intracranial surgery (table 31) . These were distributed proportionately among the three aneurysm sites: 42.0% (21 of 50) for the internal carotid group, 44.7% (17 of 38) for the middle cerebral group, and 39.4% (71 of 180) for the anterior cerebral group. Although the protocol stipulated complete cerebral angiographic surveys, vertebral-basilar visualization was completed in only 130 of 268 (48.5%, table 31). Therefore, the presence of a single aneurysm was assured only in these patients. Evidently, when an aneurysm was discovered, if the clinical presentation was consistent with the angiographic findings, complete cerebral angiography was not always pursued. In 56.4% (151 of 268) a post-treatment angiogram was done.
Multiple pretreatment angiographic surveys were made for various reasons. Some Centers did one carotid system at a time, some patients were restudied after a deteriorating neurological condition associated with a rebleed or ischemic deficit (including changes in mental status), and in a few instances a repeat procedure followed the failure of an initial attempt. With the passage of time, these procedures were completed sooner with improved equipment, and the more frequent use of the retrograde femoral technique for complete surveys.
The high number of multiple angiographic procedures inherently caused a delay in allocation of treatment. The interval was three days or less in the majority of instances, but in some it was considerably longer. Table 32 shows the details of the distribution for each aneurysm site. Fifty percent were allocated to surgery within one day of the first angiographic procedure, 69.4% in three days, 78.4% in five days, and 88.8% in ten days. Therefore, 30 patients (11.2% of 268) had a delay in allocation of treatment beyond the ten-day interval. This is a relatively small number when considering the multiple factors responsible for causing such delays.
COMPLICATIONS
Among the 268 patients who were subjected to a total of 417 procedures, there were 24 patients (8.9% of 268) who experienced temporary or permanent undesirable events. Eleven patients rebled during or within 24 hours following the procedure, five of whom had no neurological sequelae; three had permanent hemiplegia and aphasia, one had convulsive activity, 
ASSOCIATID USION5
On each protocol for the angiographic survey, provision was made to note associated vessel shifts or other lesions which might influence the result of treatment. Thirty-eight (14.2% of 268) had associated lesions interpreted as an intracerebral or extracerebral mass lesion, stretching of anterior cerebral arteries in 11 (4.1%), irregular intima (atherosclerosis) of cavernous or supraclinoid portion of the internal carotid artery in five (1.9%), and seven patients had infundibular dilatations (less than 3 mm in diameter) at the anterior choroidal or posterior communicating arteries which were not regarded as aneurysms in this Study (table  34) . Most of the mass lesions were interpreted as hematoma; many actually represented localized brain swelling. Hematomas documented at operation are discussed under morbidity.
The highest incidence of extracerebral and intracerebral mass lesions as interpreted angiographically occurred in the middle cerebral group (23.7% or 9 of 38). The frequency with the anterior cerebral group was 13.9% (25 of 180). Stretching of the anterior cerebral vessels in nine patients was important because rupture of an anterior cerebralanterior communicating aneurysm not infrequently presents with a deep frontal lobe hematoma with rupture into a frontal horn of the lateral ventricle. Most of these patients were in poor neurological condition and several died prior to surgery.
Cerebral Vasospasm
INTtODUCTION
Decrease in intra-arterial diameter over limited or extensive regions of the cerebral vasculature in patients with subarachnoid hemorrhage has usually been defined as "spasm" when other causes have been eliminated. We are cognizant of the pitfalls in presentation of data such as these, due to variation in interpretation of a cerebral angiographic survey from one observer to another, yet the importance of vasospasm in subarachnoid hemorrhage almost demands that such analyses be done. Cerebral vasospasm was defined as one of three categories: no vasospasm, localized vasospasm (narrowing of intra-arterial diameter over 1-cm to 3-cm distance on the proximal portions of the intracranial internal carotid artery, middle cerebral, anterior cerebral or vertebral-basilar artery), and diffuse vasospasm (narrowed diameter of the internal carotid and all the main branches). Various degrees of vasospasm were correlated with age, sex, neurological condition, systolic and mean blood pressures, interval from last bleed to angiography, size (mm 3 ) of the aneurysm, and mortality.
Distribution of Patients by Aneurysm Site and Interval Between First Angiographic Procedure and Date of Randomization
IISULTS
The incidence of vasospasm among males (39.2%, or 51 of 130) was virtually identical to that in females (39.4%, or 54 of 137, 
Distribution of Associated Lesions in Addition to a Single Aneurysm at the Angiographic Survey
Aneurysm Site Distribution With Respect to Vasospasm in Males and Females
CarabroJ vnoiptim the anterior communicating aneurysm occurred in seven of 48 patients in the anterior cerebral group, and in two instances it was bilateral. The possibility exists that in these nine instances, congenital narrowing could have been the "cause" of "localized" vasospasm. In only one internal carotid aneurysm was localized vasospasm so interpreted to involve the proximal segment of the anterior cerebral artery alone. There was none listed in the middle cerebral group. Elimination of the nine patients in the anterior cerebral group would diminish the total percentage with localized and diffuse vasospasm from 35.2% to 30.2% (54 of 179). Considering the internal carotid group where 60% (27 of 45) of patients had undesirable postoperative events from three to 72 hours after operation, one must regard vasospasm as highly suspicious in causing these conditions. However, as discussed in the section on morbidity, localized and diffuse vasospasm was noted in five instances each, for a total of ten of the 27 with complicating postoperative events. The remaining 17 had no vasospasm at the time of their angiographic survey. Therefore, it is unlikely that vasospasm per se was a primary cause for precipitating these events.
MOtTAUTY AND VASOSPASM
For all aneurysm sites combined, mortality in the group operated upon with no vasospasm was 38.7%; 37.0% in the group where vasospasm was localized, and 29.0% where it was diffuse. Therefore, vasospasm apparently had no influence upon mortality. This may be an unexpected finding since the presence of severe arterial narrowing demonstrated angiographically has been the reason for delay of operation by most surgeons. It is important to recognize, however, that the same degree of vasospasm at angiography may not have been the same as at operation due to the interval between angiography and surgery in this Study. In our opinion, there is no way to determine the exact condition of the intracerebral vessels especially as to how they will respond to mechanical manipulation at operation.
Distribution of Patients by Age Interval With Respect to Each Category of Vasospasm -All Aneurysm Sites Included
ACM AND C U I U A L VASOSPASM
The age distribution (table 36) with respect to the various categories of vasospasm shows good correlation with presence of vasospasm in each decade. Each aneurysm site was analyzed in this regard, and similar proportions within each site were noted. Therefore, a summary of all sites combined is presented. Within each decade, the percentages of patients with localized or diffuse vasospasm were distributed between 14.3% and 52.5% (average 39.3%). The higher ratios were present in the fourth, fifth and sixth decades (range 40.9% to 52.5%). After subdividing the entire group into those below 50 years of age and those 50 and over, 41.3% (57 of 138) had localized or diffuse vasospasm in the younger group, and 37.2% (48 of 129) had vasospasm in the older (table 36) . Therefore, it is doubtful that age has any influence on appearance of vasospasm.
NEUtOLOOICAL CONDITION AND C U D U L VASOSPASM
Cerebral vasospasm as defined previously was present in increasing proportions with increase in neurological deficit. The proportion of patients with and without vasospasm was similar when comparison was made between each aneurysm site. By combining all sites, it was observed with each grade of deteriorated neurological condition that the presence of vasospasm increased. The ratio of patients with versus those without vasospasm progressively increases from the lowest value of 22.2% (table 37) vasospasm has been suspected to play a role in the production of neurological deficits, many severe deficits may be present without vasospasm, or vice versa.
INTUVAL FROM LAST (LUD TO INITIAL ANOIOGIAPHT
The average interval from last bleed to the first angiographic procedure was 5.8 days (range 0 to 47 days). Forty-seven percent had their initial angiogram in three days, 77.2% in seven days, 86.9% in ten days, and 93.6% in 14 days (table 38) angiographic procedure after this interval. Analysis of these two groups reveals 66.1% (127 of 192) had no evidence of vasospasm when angiography was performed within six days of the last bleed, but in the group whose angiography was done after the six-day interval, 46.7% (35 of 75) had no vasospasm. Especially in the group whose studies were done in the interval from day seven through 14, only 37.9% (22 of 58) had no evidence of vasospasm. Therefore, the interval between seven and 14 days appeared to show the highest percentage (62.1%) of vasospasm in the localized and diffuse category. No differences in proportions were noted when each aneurysm site was evaluated. Therefore the data for all aneurysm sites are presented.
5Y5TOUC ILOOD PMSSURI AND VA5OMASM
Four representative blood pressures at four-hour intervals or more were recorded by the usual manometric method during the interval between admission and randomization. These four readings were transposed to the protocol at the participating center and the average calculated at the Central Registry.
Average systolic values at specific increments were correlated with various categories of cerebral vasospasm for all sites combined. A group of 54.9% (147 of 268) had average systolic blood pressure of 140 mm Hg or below prior to allocation of treatment, 103 (38.4% of 268) had average systolic pressures between 141 and 180 mm Hg, and only 17 (6.4% of 268) had over 180 mm Hg systolic (table 39) . Therefore the majority of this group did not have significantly elevated systolic pressures. A total of 60 patients (40.8% of 147) had localized or diffuse vasospasm in the group with average systolic blood pressure of 140 mm Hg or below, and 45 patients (37.5% of 120) had vasospasm to some degree in the group with average systolic levels above 140 mm Hg. This difference is not significant.
COOPERATIVE STUDY OF INTRACRANIAL ANEURYSMS AND SUBARACHNOID HEMORRHAGE
MIAN ILOOO PRISSUII
The analysis of the relationship between mean blood pressure and vasospasm was based on the same average blood pressures from which the systolic values were determined. Cross-tabulation of mean blood pressures among all aneurysm sites reveals similar proportions of patients with vasospasm (table 40) 267 268 pressure and vasospasm appeared. The peak incidence of mean blood pressures was in the range of 95 to 104 mm Hg. Twenty-eight percent (76 of 267) were in this range alone. The distribution began at a low value of 66 mm Hg to a high of 171 mm Hg. One hundred eighty-six patients (69.7% of 267) had mean blood pressures between 85 and 114 mm Hg. Inspection of the ratios between each degree of vasospasm reveals that in the 85 to 114 mm Hg range (table 40) , 60.2% (112 of 186) were without vasospasm, 23.6% (44 of 186) had localized vasospasm, and 15.6% (29 of 186) had diffuse vasospasm. For patients with mean blood pressure above 114 mm Hg, 62.6% had no vasospasm, 23.8% had localized vasospasm, and 13.4% had diffuse vasospasm. Therefore, a high degree of vasospasm does not signify a greater tendency toward increased blood pressure.
. No direct relationship between increment in mean blood
S i n OP ANIURTSM (mm 1 ) AND VASOSPASM
The average size of the aneurysm by angiographic determination was 250 mm 3 . These angiographic dimensions of the intraluminal diameter were recorded by each participating Center. The volumetric analysis of each aneurysm was calculated at the Central Registry. As inspection of table 41 reveals, no correlation can be made with regard to aneurysm size and various degrees of vasospasm. The ratio of patients with vasospasm versus those without remains propor- 
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tional among increments in aneurysm size. It appears, therefore, that intraluminal volume as determined angiographically has no effect upon appearance of cerebral vasospasm.
Surgical Techniques dNUAL IIMAIKS
By its nature, intracranial surgery is perhaps the least well-controlled method of treating an intracranial aneurysm. Ideal treatment consists of removing the aneurysm from the circulation without compromising the blood supply to the brain. The exigencies that may attend intracranial operation frequently preclude "standardization" of a surgical technique. A well-laid plan for a specific attack upon an aneurysm may have to be abandoned under certain circumstances and another less satisfactory one applied. A "tight, swollen and angry" brain may preclude satisfactory exposure of the aneurysm and require the execution of a less desirable or effective procedure. In some instances, resection of a part of the brain may be necessary, adding a risk of permanent neurologic damage.
There is little question that the interval from last bleed to operation is vital. Early operation (three to seven days after SAH) may be hazardous when vasospasm is often present and associated with cerebral swelling. Although manipulation of vessels about an aneurysm may at any time induce or aggravate vasospasm, there is considerable difference when this occurs in patients who are operated upon in the early days after SAH than in those who have their operation two or three weeks later. Nor would it appear that such vasospasm is influenced favorably at the time of early operation by any adjunct to the surgical procedure. The question of operation early after SAH in the presence of raised intracranial pressure (which has not been considered in this Study) is another matter. From the technical standpoint alone, such increased tension may prevent satisfactory exposure of the aneurysm. Certainly the skill and experience of the surgeon must be considered. In this Cooperative Study, the operations were performed by surgeons with considerable experience in the intracranial management of these lesions. It is evident, therefore, that in a Study such as this, adherence to rigid control of variable conditions is most desirable. Yet, that which was least well controlled (intracranial surgery) signifies more difficulty in evaluation.
It is noteworthy that in this group of patients, in only two instances was a definitive operation not completed. This attests to the technical ability of the various surgeons engaged in this Study and would suggest that with a "technically good" operation, a good result should have been anticipated in patients who were in good condition at the time of operation. As expected, when there were difficulties at operation, particularly in situations where major vessels were temporarily or permanently interrupted, patients were often left with serious neurological deficits. However, in a respectable number in whom operation appeared uncomplicated, problems ensued within a few days after the procedure. It was not always clear why these developed. Because of the time factor, it was difficult to invoke the matter of vessel manipulation with attendant mechanical vasospasm. On this basis, it would have been expected that such problems would occur early after operation. Unanswered questions are raised relative to vasospasm due to the combined effects of the initial SAH, bleeding with operative exposure and mechanical vessel manipulation. It is not known how "spasm" from operative manipulation of vessels is affected by further bleeding or vice versa.
It was considered important to know whether a particular technique or the employment of ancillary surgical procedures influenced the results of intracranial operation. It was expected that operative techniques would be varied because of the anatomical location of the aneurysm as well as the experience and approach of the individual surgeon. Table 42 presents the type and number of accessory procedures performed at the time of operation.
BRAIN IISICTION
This particular feature of operative technique stands out in the anterior cerebral group, namely, that in almost one-half (69 of 149 or 46.3%), various degrees of resection of the brain (frontal lobe) were carried out in order to accomplish the procedure (table 42 ). In the case of middle cerebral aneurysms, temporal (or frontal) resection was made in 17.6% (6 of 34), and in only 4.4% (2 of 45) of the internal carotid group. What lesser or greater morbidity accrued from such deliberate resection of the brain compromising anatomical or functional integrity is difficult to determine. Be this as it may, the surgeon deemed it necessary to sacrifice a portion of the brain in order to expose the aneurysm properly. By comparison, destructive lesions of the brain produced by hematoma were another matter. Patients with such complication of aneurysmal rupture fared poorly despite the removal of the clot. The incidence of hematoma was greatest among middle cerebral (6 of 34) and anterior cerebral aneurysm (21 of 149) patients (17% and 14%, respectively) who had a preoperative hemispheric deficit.
VISS«. OCCLUSION
Temporary intracranial and/or extracranial carotid occlusion made presumably as protection against aneurysmal rupture (less commonly after rupture) was performed in 54 patients (table 42) . It is difficult to assess the effect of vessel occlusion and its possible relationship to postoperative complications. There is no definite information to indicate that such occlusion (with potential vessel injury) increased morbidity on the basis of infarction or anoxemia. Temporary extracranial carotid occlusion was employed 13 timesin seven instances in the management of internal carotid aneurysm, five for anterior cerebral and one for middle cerebral artery aneurysms. This was done undoubtedly to control hemorrhage during exposure of an aneurysm rather than as a prophylactic measure in most instances.
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tIMOVAL OF BONI FLAP
The bone flap was not replaced in 11 patients among 228 operations, presumably because of uncontrolled cerebral swelling.
Type of Surgical Procedure
Seven types of surgical procedures were utilized in which a single, definitive method of management was employed. One category was designated as "multiple" in which a combination of two or more of the other six was used (table 43) . The procedure most commonly employed at the three major sites was ligation of the neck of the aneurysm. It is presumed that this was usually accomplished by clip occlusion, and in a few instances by means of a thread ligature.
INTIINAL CAtOTID ANRJITSM
In the case of internal carotid artery aneurysms (45 patients), 33 (73.7%, table 43) were treated by aneurysm neck ligation, at the same time preserving the major arterial supply to the brain. In only three instances was the aneurysm trapped intracranially so that the carotid artery was sacrificed. In no instance was intracranial and extracranial trapping of the aneurysm accomplished. In those cases where the aneurysm was trapped, it is clear that this procedure was made of necessity in an attempt, for example, to control hemorrhage that occurred when the neck of the aneurysm was torn at its origin from the carotid rather than as a deliberate tactic to exclude carotid inflow to an unruptured aneurysm. One of these three patients died, and one remained hemiplegic and aphasic. The infrequent use of this operation is interesting since the trapping procedure in the earlier days of intracranial surgery for carotid aneurysm was commonly and successfully applied as a deliberate measure. The lower incidence of trapping in this series reflects most probably -the bolder, positive approach by the more experienced surgeon. In three instances, the fundus of the aneurysm was clipped. It is assumed Mn one patient the aneurysm ruptured and the patient died; in one the aneurysm was not found.
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that this was done to control hemorrhage from rupture during exposure of the lesion and that the neck for one reason or another could not be safely occluded by clip or ligature. In six instances, more than one procedure was performed. Five patients had a ligation procedure (clipping) of the neck of the aneurysm and in addition had an investment with plastics in one instance, a trapping procedure in two, clip occlusion of the fundus of the sac, and investment with muscle, gauze or fascia in two. One patient had investment of the aneurysm with muscle and clipping of the anterior cerebral artery distally due to the anatomical relationship of the aneurysm to surrounding vessels.
MJDOU CIIIHAL AKIIUIYSM
Thirty-four patients with a middle cerebral aneurysm had an intracranial operation; in two a definitive attack on the aneurysm was not performed (see table  43 ).
Among the remaining 32 patients, ligation or clipping of the neck of the aneurysm alone was the operation of choice in 13 instances. Other procedures as plastic investment (two), investment with gauze, muscle or fascia (four), and clip occlusion of the fundus of the sac (two) was accomplished less frequently. Proximal ligation of the vessel from which the aneurysm arose and trapping by proximal and distal ligation of the parent vessel was made only once each. The investment technique was evidently, in the opinion of the surgeon, the most expedient that he could employ in a situation: (1) where the sac or its neck could not be safely dissected because of important blood vessels adherent to its walls or (2) where the sac could not be isolated well enough to apply a ligature without compromising the blood supply to the brain. In all instances where an investment procedure was made, the aneurysm was at the main branching of the middle cerebral artery. The trapping and proximal ligation operations were probably made in cases of aneurysms associated with relatively "minor" and distal arterial trunks where occlusion would leave a lesser deficit rather than in cases where occlusion of vessels close to the first bifurcation of the middle cerebral artery would be necessary.
Nine patients had more than one procedure on the aneurysm per se (table 43) . Four had investment of the sac with muscle, gauze or fascia in addition to ligation or clip occlusion of the neck, two had clip occlusion of the fundus with clipping of the neck, and two had clip occlusion of the fundus of the aneurysm with investment. One additional patient had investment with plastics and gauze.
Intraoperative difficulties evidently were not considered major surgical problems. In six cases, the aneurysm ruptured at the time of exposure, but hemorrhage was readily controlled. All six aneurysms were located at the branchings of the main trunk. Four of these six patients did not survive. It should be noted, however, that whereas two were poorly responsive at the time of operation, two had only minimal symptoms. Of the two survivors, one had a major neurological deficit and the other minor symptoms when operated on. Three of the four deaths occurred in patients who had associated intracerebral hematoma documented at surgery; two of the three were poorly responsive at the time of surgery.
ANTOMOR CEMMAL COMPUX ANIURY3M
In this group, as in the case of internal carotid and middle cerebral artery aneurysms, clipping (ligation) of the neck alone was most commonly employed (33.6%, 50 of 149). This relatively low figure might imply difficulty in the execution of the clipping procedure and that the surgeon considered it too risky, fearing a complication resulting from occlusion of the anterior cerebral vessels. Investment of the aneurysmal sac was made in 23.5% (35 of 149). This figure is influenced by one Center using primarily the investment technique. Ligation of the proximal anterior cerebral artery was carried out in 22 cases (14.8%). It is assumed that this was done: (1) as a deliberate definitive procedure for an anterior communicating artery aneurysm filling from one side only but with a contralateral anterior cerebral artery present, or (2) after inspection of the aneurysm disclosed that its relationship to both anterior cerebral arteries prevented obliteration of the aneurysm only. It was evidently considered a safer yet not entirely satisfactory operation because the aneurysm was yet within the circulation. The surgeon, however, considered it best in that particular situation. The fundus of the sac was clipped in ten instances, indicating most probably that rupture had occurred and bleeding could be controlled only in this way, or that the neck could not be fully exposed. It is further likely that the surgeon considered this adequate protection against rebleeding and that clipping of the neck was neither necessary nor feasible. Only six cases in this group of 149 (4%) anterior complex aneurysms were trapped. It is not clear how this was done except in cases where the aneurysm was distal to the anterior communicating artery or that it may have been possible in the rare situation to place a clip in the small space on either side of an aneurysm at the anterior communicating artery.
In 26 patients more than one (multiple) operative procedure was performed in order to prevent rebleeding of the aneurysm. Twenty-four had investment of the sac with muscle, gauze or fascia and, in addition, four patients had proximal ligation of the parent vessel, ten had ligation of the neck of the aneurysm, and ten had clip occlusion of the fundus of the sac. Two additional patients had a clip occlusion of the neck of the aneurysm with proximal ligation of the parent vessel, indicating that the clip occlusion alone was not successful. 
COOPERATIVE STUDY OF INTRACRANIAL ANEURYSMS AND SUBARACHNOID HEMORRHAGE
From these data, it appears that by and large the procedure most commonly utilized was that of aneurysm neck clipping (ligation) in 42.5% (96 of 226). This was considered the best treatment to apply in the case of aneurysms at the three major sites. Forty-one (18.1%) had multiple procedures.
Multiple Operations
Additional surgical procedures directly and indirectly related to the original operation were necessary in 46 patients. Sixteen patients (35.6% of 45) with an internal carotid aneurysm had two or more procedures, 20.6% (7 of 34) with a middle cerebral aneurysm, and 15.4% (23 of 149) with an aneurysm on the anterior cerebral complex.
INTtRNAL CAROTID ANRIRYSM
In the 45 patients where the internal carotid artery was the site of origin of the aneurysm, two operations were made in 11 instances. The second was that of tracheostomy in eight patients, five of whom died. Three of the latter were in good condition at the time of operation, indicating that operation made the patient worse and was the immediate factor contributing to his death. The other two, one of whom expired, were poorly responsive at the time of surgery. Although tracheostomy was necessary to support them, it is not clear how much the operative procedure influenced their deterioration to require respiratory assistance. In one of the three remaining patients in this group, the second operation was a definitive one to occlude the neck of the aneurysm; the first step was to evacuate a temporal lobe hematoma. In the second patient, the bone flap was replaced. Both patients survived. The third patient had a craniotomy and ligation of the aneurysm with removal of the bone flap three days after the last bleed. The second operation, five days later, was a re-exploration with resection of the frontal and temporal lobes for decompression.
Three operations were made on four patients in the internal carotid group, three of whom had a tracheostomy following operation. One of these had bilateral common carotid artery exposure at the time of operation, one had removal of the bone flap postoperatively, and one had a shunt procedure for hydrocephalus. The remaining patient in this series had a right frontal resection one day after operation for clipping of the aneurysm, and a repeat resection eight days later. Three patients died and one survived.
Four operations were made in one patient who was in Grade 3 preoperatively. Tracheostomy was performed at the time of craniotomy on the day after the bleed. On the following day, the bone flap was removed and the dura opened, presumably as a decompressive measure for cerebral swelling. The flap was replaced 34 days later.
MiOOLf COUMAI ANEURYSM
Five patients with an aneurysm on the middle cerebral artery had two operative procedures. In four the second procedure was a tracheostomy; two were in Grade 2 preoperatively, and two in Grade 4. In one patient the second procedure was evacuation of a postoperative hematoma.
Three operations were performed in two patients who had middle cerebral artery aneurysms. In one the first was that of subtemporal decompression for cerebral edema seven days after hemorrhage. Fiftytwo days later the aneurysm was invested with "plastic." Seventy-one days after the bleed, another craniotomy was made to remove a "hematoma from the frontal lobes." The aneurysm in the second patient was partially occluded by clips and invested with gauze four days after SAH. Eight and ten days later, respectively, an intracerebral clot was removed and right temporal lobe resection was accomplished. Both patients survived.
ANTIIICHI CUIMAL ANIURYSM
A second operation was required in 19 patients, all noted to be in good preoperative condition except two who were in Grade 3. Thirteen died (68.3%). In 11 patients a tracheostomy was performed as a second operation, in three a postoperative hematoma was removed, in two the bone flap was replaced, and in one instance each a ventriculopleural shunt was placed, a chest drain was inserted for pneumothorax, and a surgical wound was re-explored.
In three patients three operative procedures were required. Preoperatively two were in Grade 2 and one in Grade 5 and all three died. Each one had a tracheostomy as a second procedure. The third procedure consisted of biparietal burr holes with evacuation of a subdural hematoma four days after operation, and two had removal of the bone flap as a decompressive procedure.
One patient in good condition had four operative procedures; the initial one included aneurysm clipping 24 days after SAH. Three, six, and nine days later, reoperation was necessary, the first time because of an epidural hematoma and cerebral swelling, the second to remove a subdural hematoma, and the third to treat a sterile epidural abscess and remove the bone flap. This patient did not survive.
SUMMARY
Mortality among the 46 patients requiring two or more procedures was 67.4% (31 of 46). In 30 (65.2%) the neurological condition at the time of the first operation was good (Grades 1 and 2). Multiple procedures were made comparatively less frequently in the case of anterior cerebral complex aneurysms than for those at the internal carotid site, 23 of 149 (15.4%) and 16 of 45 (35.6%), respectively. This suggests (1) that complications at the anterior cerebral site occurred less frequently, or (2) that patients with internal carotid aneurysms were more ill and that a greater effort was expended in an attempt to salvage Introduction A number of factors may prevent exclusion of an aneurysm from the circulation such as adherence to major arteries, atherosclerotic plaques, and in some instances aneurysm size. Yet the optimum therapeutic maneuver upon an aneurysm requires its isolation from surrounding structures. Increased intracranial pressure from hydrocephalus or a swollen brain may interfere with adequate dissection of the aneurysm and prevent optimal placement of a ligature or investment of an aneurysm. Techniques to reduce intracranial pressure were utilized in 171 (75%) of the 228 operations performed in this Study. These techniques included the use of hyperosmotic agents (urea, mannitol, glycerol), steroids (dexamethasone, methylprednisolone sodium succinate, hydrocortisone), hyperventilation, and spinal drainage. Fifty-seven operations were accomplished without these ancillary agents.
Among the 171 operations in which they were employed, hypertonic urea alone or in combination was used in 68, mannitol alone or in combination in 64, and hyperventilation alone or in combination in 70. Dexamethasone, the most commonly used steroid, was used in combination with other agents in all but three of 31 operations. Methylprednisolone sodium succinate, hydrocortisone, cortisone, and glycerol were used each once.
It is difficult to assess fully the effects of surgical adjunctive therapy. However, in analyzing deaths within the 14-day interval after surgery, it was discovered that differences existed as various adjuncts to reduce intracranial pressure were compared. The following section discusses these adjuncts with respect to mortality in the 14-day postoperative interval, neurologic condition, and cause of death.
Nona Utilized
In 57 patients, measures aimed at reducing intracranial pressure were not utilized at the time of operation. Evidently, in the judgment of the surgeon, such adjuncts were not necessary. Adequate and satisfactory access to the aneurysm was accomplished without them. Within the 14-day interval after surgery, there were eight deaths (14%, table 44). In six of the eight, death followed postoperative deterioration. One died following recurrent SAH eight days after surgery, and one expired from pneumonia and gastrointestinal bleeding. Forty-two had aneurysms of the anterior cerebral complex, five of whom died, an operative mortality of 11.9%. Of note is the fact that 37 were in good condition (Grades 1 and 2), while four had a major neurologic deficit but were fully alert 
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(Grade 3), and one was poorly responsive (Grade 4) at the time of surgery. In the seven patients with a middle cerebral artery aneurysm, one died on the day of surgery from uncontrollable bleeding from the aneurysm. Among eight patients with internal carotid artery aneurysm there were two fatalities, one of whom had a major preoperative deficit, the other being described as "seriously ill" (Grade 5). Both died within six days of surgery from postoperative cerebral effects. Frequently, the surgeon employed measures to reduce intracranial pressure in order to gain easier and better exposure of the lesion. A total of 171 patients were included in this category and the following discussion pertains to those in whom antiedemic agents were utilized.
Hyparventilation
The technique of hyperventilation was not described, but indication of its use was noted in 70 operations, in 26 of which no other adjuncts were utilized. Mortality within 14 days after operation was 11.4% (8 of 70, table 44). All died from progressive deterioration following the surgical procedure except one who died from a pontine hemorrhage. One of these was seriously ill (Grade 5) prior to operation, but the remainder were in good condition. In the entire group (26 had hyperventilation alone and 44 had the combination of hyperventilation and other adjuncts) 54 were in good neurological condition (Grades 1 and 2), 12 had a major neurological deficit but were fully responsive (Grade 3), three were lethargic in association with a hemiparesis or hemiplegia (Grade 4), and one was in Grade 5 (seriously ill). There were three deaths among 26 patients who had hyperventilation alone (11.5%), and five deaths in 44 who had hyperventilation in combination with multiple adjuncts. In three, hyperventilation was used in conjunction with urea, and one each with steroids and mannitol.
Mannltol
The amount of mannitol or duration of treatment with this hyperosmotic solution was not indicated, but its use alone (26 patients) or in combination with other adjuncts (38 patients) was the choice of the surgeon in 64 instances. Mortality within the 14-day postoperative period was 14.1% (9 of 64, table 44). One died following a proved rebleed eight days after surgery (middle cerebral aneurysm), and the remaining eight patients died from complications of treatment. One of those who died was seriously ill and one had a major neurological deficit prior to surgery, but the remaining seven were in good condition (Grades 1 and 2). In the entire group, 49 were in good condition (Grades I and 2), 12 had a major neurological deficit but were fully alert (Grade 3), two were lethargic in addition to a hemiparesis or hemiplegia (Grade 4), and one was seriously ill (Grade 5). There were five deaths in 26 patients (19.2%) who had mannitol alone, and four deaths in 38 patients (10.57o) who had mannitol in combination with other agents. Two patients in the latter group of four deaths had mannitol and urea, and one each with hyperventilation and hydrocortisone.
Urea
Urea is a relatively short-acting hyperosmolar agent which was used alone as a surgeon's choice in 51 operations, and in combination with other agents in 17, for a total of 68. The mortality in the former group was 33.3% (17 of 51) and of the latter 35.3% (6 of 17), for a combined mortality of 33.8% (23 of 68, table 44). Twenty patients died in the 14-day postoperative period following a progressive downhill course (complications of treatment other than a rebleed), two patients had a proved rebleed 11 and 12 days after surgery respectively, and one died following a myocardial infarction eight days after surgery, although no postmortem examination was allowed for confirmation. The neurological condition prior to surgery was good (Grades 1 and 2) in 15 patients; five had a major neurological deficit (Grade 3), and in three patients a significant impairment of consciousness (two cases) or seriously ill condition (one case) existed. The percentage of deaths in patients in whom urea was used alone and in combination was similar.
Dexamathaione (Dacadron) Alone and In Combination
Dexamethasone was used during operation in 31 cases. In six it was employed alone, in 25 in combination with urea, mannitol and hyperventilation. The dosage and route of administration of dexamethasone are unknown. Where employed alone, there were no deaths (six cases). There were too few instances of its use with other adjuncts to warrant detailed discussion. However, three of five patients who died had the combination of urea and dexamethasone. Two of these three were Grade I and 2 patients and the other was moribund; all expired in a progressively deteriorating pattern following surgery.
Spinal Drainage
Spinal or ventricular drainage was not frequently used as a means to reduce intracranial pressure or aid in surgical exposure. Some surgeons utilize this adjunct as an effective means to reduce brain volume. In this series, spinal drainage was used only nine times, seven in combination with hypothermia, twice with dexamethasone. Four cases involved the internal carotid artery. In two, the patients were in good condition and the others were in poor condition. One of the latter succumbed, being poorly responsive at the time of operation. A Grade 3 patient with middle cerebral artery aneurysm and two with an anterior cerebral complex aneurysm (Grades 2 and 3) survived. There was not one recorded instance of ventricular puncture and drainage alone.
INTRACRANIAL SURGERY Diicuislon
There is little question that these agents have been helpful to the surgeon in combating a "tight" swollen brain that hinders exposure of the aneurysm. The overall mortality was 14% when none was employed. When urea was used, a distinctly higher mortality (33.8%) was noted. Fifteen of the 23 deaths in patients who received urea were in good condition. In those patients who received mannitol, nine deaths (14.1%) occurred among 64 patients, 49 of whom were in Grades 1 and 2. Seven of the nine fatalities were graded similarly. Of particular interest was the group of patients who received mannitol and hyperventilation. These two agents were employed in 20 cases; one death occurred. These facts suggest that the use of urea, although effective for the surgeon when he attempts to expose an aneurysm, may be more hazardous than formerly believed. Although urea has been used rather "routinely" for many years, perhaps the secondary phenomena related to electrolyte shifts and rebound swelling require re-evaluation. Furthermore, it is possible that there are poorly understood deleterious or physiological disturbances related to the use of urea in the function of the blood-brain barrier. Condemnation of the drug on the basis of the above may be premature. It is possible that if the surgeon has been able to better expose an aneurysm with the use of urea, he may also become bolder in attempting to exclude it from the circulation. This may lead to difficulty. In such attempts, he may run a greater risk of producing vessel injury or interfering with cerebral circulation, particularly the fine perforating vessels supplying the basal structures and the brain stem. A secondary small or large vessel constriction with hypovolemia could produce inadequate regional perfusion.
Hypothermia
Hypothermia was employed in 94 (41.2%) of 228 operations. It was used with equal frequency during the latter half as compared with the first half of the Study. In 91, hypothermia for the operative procedure was induced to the 27° to 32°C level, and in three operations, deep hypothermia (less than 23°C) was employed. The mortality in the 14-day postoperative interval in the 91 patients who received moderate hypothermia was 26.4% (24 of 91). There were no deaths in the three patients who received deep hypothermia. Twenty-one of the 24 deaths were noted as "complications of treatment other than rebleed," two patients died of a proved rebleed, and one died of bronchial pneumonia and gastrointestinal bleeding. Sixteen of the 24 deaths occurred in patients who were in good neurological condition (Grades 1 and 2) prior to operation; four had a major neurological deficit, two were lethargic with an associated hemiparesis, and although two were regarded as seriously ill, their condition was stable. The distribution of deaths for each aneurysm site was 34.6% (9 of 26) for the internal carotid group, 20.0% (4 of 20) for the middle cerebral group, and 24.4% (11 of 45) for patients who received moderate hypothermia in the anterior cerebralanterior communicating group. The mortality within 14 days following operation for patients who received no hypothermia was as follows: 21.1% (4 of 19) for patients with an internal carotid aneurysm, 21.4% (3 of 14) for middle cerebral aneurysm, and 11.9% (12 of 101) for anterior cerebral-anterior communicating aneurysm, for an overall mortality of 14.2% (19 of 134).
Anti-shivering drugs were given only during the operation in 25 cases; in nine additional patients such agents were used during and after the operation. In four, such drugs alone were used without other methods to produce a hypothermic state. To what degree the temperature was lowered is unknown. It is not clear why anti-shivering drugs only were employed in the intraoperative period in these four instances, as these agents alone would ordinarily be insufficient to depress body-brain temperature to the degree which would be considered protective.
Aside from what may be the general protective effect of hypothermia to a compromised brain, its maximal advantage is anticipated in protecting an area of the brain during temporary vessel occlusion while the aneurysm is being dissected or obliterated. Referring to table 45, temporary occlusion of vessels was made 44 times. In 36, this involved the intracranial vessels in the immediate proximity of or in continuity with the aneurysm; in eight it involved the extracranial carotid artery. In 47 of 91 (51.6%) patients made hypothermic, it was employed apparently for other than temporary vessel occlusion. It can be assumed that this was hoped-for protection of the brain and perhaps an aid in the technical aspects of the operation by reducing intracranial tension and producing a brain with diminished volume. These aspects were not the only reasons for its use since hypothermia was employed in combination with other "brain volume reducing" agents as indicated in table 46. Such agents were used in 74 patients (43.2%). Among the 21 patients of the internal carotid group in table 46, there were nine deaths within 14 days after surgery; among 16 patients of the middle cerebral group there were four deaths; and among 37 patients of the anterior cerebral group there were nine deaths. Therefore, among the 74 patients who had the combination of hypothermia and antiedemic agents, there were 22 deaths (29.6%). Among the 21 patients who had no antiedemic agents but did undergo hypothermia (table 46) there was one death in the anterior cerebral group due to pneumonia and gastrointestinal bleeding 14 days after surgery. From this relatively small and obviously select group of patients no specific conclusions can be made.
Distribution of Patients Who Received Hypothermia During Temporary Occlusion of Extracranial Carotid (A) or Intracranial Carotid (B) for Each Aneurysm Site
Hypothermia was carried below 23°C in one Grade 1 patient with an anterior cerebral complex aneurysm, and in two others with an aneurysm at the same site in Grades 1 and 4, respectively, the degree of hypothermia was not recorded. All survived.
Other Adjuncts
HYPOTENSION
In 47 patients, intraoperative reduction of blood pressure was accomplished. The ganglionic blocking agent most commonly utilized was trimethaphan camsylate in 27 instances. Additional drugs included dtubocurarine twice; a combination of d-tubocurarine and succinylcholine chloride once, succinylcholine chloride alone three times; and prostigmine and atropine once each. Hypotension was induced by increasing the depth of anesthesia using fluothane and halothane once each. In ten cases in which hypotension was utilized, the nature of its induction and the drug employed were not specifically indicated.
Hypotensive measures were not used in 180 of the 228 patients. In one instance, there was no indication whether or not hypotensive measures were used. It is interesting to note that in such a high percentage (78.9%) hypotensive measures were not included as an adjunct to the operation. Some surgeons who use hypotension are convinced of its value in protection against premature rupture of the aneurysm, and that it facilitates manipulation of the aneurysm more freely during dissection. Therefore, why hypotension was not employed more often in this series is not clear. Furthermore, information was not provided in the protocols to indicate how long and to what depth hypotension was carried out during the operative procedures. The metabolic effects of prolonged hypotension as related to impaired perfusion raises questions with respect to its safety, although it appears that the degree and duration of hypotension were not of a magnitude known to produce such effects in the experimental animal. Experience with the method in the hands of those who employ it widely without gross or apparent neurological difficulties has made it widely accepted. Deaths among the 47 patients who received hypotension during operation were distributed by aneurysm site as follows: two among eight patients with internal carotid aneurysm; none of two patients with middle cerebral aneurysm; and nine of 37 patients with anterior cerebral-anterior communicating aneurysm (table 47) . Of considerable interest is the distribution of deaths during the postoperative period in the group with and without hypotension. When combining all sites, the mortality in the group who did not receive hypotension (17.8%) is not significantly different from those who did receive ganglionic blocking agents during surgery (23.4%). Distribution of deaths within each category of neurological condition reveals that hypotensive techniques during operation neither favorably nor adversely influenced the surgical mortality (table 48) .
INTRODUCTION
Major postoperative neurological deficits included hemiparesis, hemiplegia, dysphasia, and aphasia of varying degrees and duration. Other effects sometimes as devastating were characterized by varying states of stupor, coma, behavioral disorder, confusion, and convulsive activity. The incidence of surgical complications produced a remarkable state of affairs. Such neurological difficulties occurred in 109 patients (47.8% of 228 operations). Patients who had a major deficit prior to surgery and continued to have the same deficit after surgery were not included in this analysis. A number of less frequent complications, such as anosmia (three), meningitis (two), visual loss (one), third cranial nerve palsy (three), pneumonia (three), pneumothorax (one), diabetes insipidus (one), myocardial infarction (one), and postoperative hematoma (three), also were reported.
The following discussion presents a detailed analysis of the more frequent and major findings associated primarily with neurological dysfunction immediately or soon after (within 72 hours) intracranial operation.
Coma
Postoperative coma of more than 24 hours' duration occurred in 45 patients (19.7% of 228 operations). Only seven of these remained alive as of January 1973. In the remaining 38 patients who died, 31 had a progressive downhill course and seven died from other causes; two died from a proved rebleed, and one each from a suspected rebleed, pontine hemorrhage, pneumonia, pulmonary embolus, and respiratory arrest.
INTERNAL CAROTID ANEURYSM
The incidence of this complication among patients with an internal carotid aneurysm was 26.6% (12 of 45). Seven patients had only minimal neurological findings (Grade 2), four were in Grade 3, and one was seriously ill (Grade 5), but his clinical condition was stable. Seven were in good medical condition, and five were in fair condition. None had a preoperative hematoma. Age range was 13 to 62 years with a mean of 45.1 years. The average interval from last bleed to surgery was 9.7 days (range 2 to 29 days). Ten of the 12 patients with postoperative coma died, nine from a progressive downhill course within 16 days following operation, and one with pneumonia 161 days following surgery. Eight of the ten deaths had no vasospasm at initial angiography, and two had localized vasospasm. In the two survivors, one had no vasospasm and one had diffuse (bilateral) vasospasm.
MIDDLE CERIMAL ANEURYSM
In this group of 34 patients, three (8.8%) had postoperative coma. Two deaths occurred within four days; one died from a pulmonary embolus 79 days following operation. The interval from last bleed to surgery was six, ten, and 26 days respectively. One patient had a preoperative hemiparesis, and the other two were poorly responsive but had good adaptive responses. All three were in poor medical condition, with known pre-existing renal disease, atherosclerosis and/or heart disease. Their average age was 63 years (range 59 to 66). Two patients had no cerebral vasospasm at initial angiography and one had diffuse vasospasm.
ANTERIOR CEREBRAL ANEURYSM
Among the 149 patients with an anterior cerebralanterior communicating aneurysm, 30 (20.1 %) were in comatose condition immediately following or within 72 hours after operation. There were 25 deaths, 20 due to progressive deterioration, two due to a proved rebleed eight and 11 days after operation, and one each from a pontine hemorrhage (one day after operation), respiratory arrest and pneumonia (14 days after operation) and a suspected rebleed (146 days after operation). Twenty-four of the 25 deaths occurred within 54 days following operation. One suspected rebleed occurred 146 days later. The average interval from operation to death was 10.9 days (range I to 54 days). Average age distribution was 49.4 years (range 21 to 76 years). Most patients were in good neurological status initially. Twenty-six (86.6% of 30) were in Grades 1 and 2 prior to surgery, two had a major neurological deficit (Grade 3), and two were poorly responsive (Grades 4 and 5). One of the latter remains alive. Eighteen (60% of 30) were in good medical condition, nine (30%) were fair, and three were in poor medical condition. The average interval from last bleed to surgery was 10.8 days (range 2 to 51 days). Sixteen (53.3% of 30) had no vasospasm, 12 (40.0%) had localized vasospasm, and two had diffuse vasospasm. In 13 patients (43.3%) the com-atose condition was immediately postoperative; in 17 it developed within a few hours to 72 hours following surgery.
DISCUSSION
Postoperative coma can be caused by several factors. It is assumed that in this Study, problems with cerebral swelling, difficulty in lobe retraction with cerebral infarction, and/or tearing of perforating arteries to the hypothalamus were not overcome satisfactorily. A hematoma can be a possibility. However, in only nine patients was a hematoma found at operation.
The factor of age is ahvays important in surgical mortality, yet the average ages among the group with internal carotid aneurysms (45.1 years), middle cerebral aneurysms (56.1 years), and anterior cerebral aneurysms (49.4 years) were not significantly different.
The group of patients with a middle cerebral aneurysm was unusual in that only three of the 34 (8.8%) had coma postoperatively. All three were in poor neurological and medical condition, and their average age was 63. Such outcome can be expected. Surprisingly, despite the presence of a hematoma of varying size found at operation in six patients, postoperative coma developed in only one.
Hemiplegia
Serious neurological deficit such as hemiplegia can be expected to occur for reasons similar to those responsible for production of a comatose condition. A total of 11.4% (26 of 228) developed a hemiplegic state immediately (18 cases) or within six to 72 hours (eight cases) following operation. In only three patients did the hemiplegia clear prior to discharge from the hospital. In the remaining 23 it was permanent (throughout the hospitalization period). Thirteen deaths (50%) occurred within 14 days after surgery, all following progressive deterioration in this postoperative period. Seven of the 26 patients with hemiplegia were also comatose after operation; one was stuporous.
INTItNAL CAROTID ANIURYSM
Among the 45 patients in this group, postoperative hemiplegia developed in ten (22%). Seven were in good neurological condition preoperatively (Grades 1 and 2), one had a major neurological deficit in the form of a mild hemiparesis (Grade 3), and two were poorly responsive. Five were in good medical condition, four were in fair condition, and one was in poor condition with heart disease and atherosclerosis. The average interval from last bleed to surgery was 17 days (range 3 to 42 days). In three patients the hemiplegic condition was associated with stupor, and in three with aphasia. All patients remained hemiplegic until death or throughout their hospitalization. Six died within 14 days after surgery. Average age of the entire group was 47.7 years (range 13 to 69). Six patients had no vasospasm at the time of initial angiography, one had localized vasospasm, and in three it was diffuse. In the ten patients with postoperative hemiplegia, two had temporary occlusion of the intracranial portion of the internal carotid artery during operation. One died two days after operation. Five patients had ligation of the neck of the aneurysm only, three were subjected to a trapping procedure, and two had ligation of the neck and fundus clipping or investment. One patient had an intracerebral hematoma.
MIDDLf CEREBRAL ANEURYSM
Postoperative hemiplegia among the 34 patients with middle cerebral aneurysm occurred in three instances (8.8%). One patient in good neurological condition (Grade 2) died ten days after surgery following progressive deterioration; the two others had a preoperative hemiparesis (Grade 3). One patient was in good medical condition, one in fair condition; the one in poor condition died from pulmonary embolism 79 days after surgery. In one patient the hemiplegia cleared prior to discharge from the hospital, but in the two others it remained permanent. The average age was 60.3 years (range 52 to 65). One patient had no vasospasm and two had localized vasospasm at initial angiography. At operation, none of these patients had an intracerebral hematoma. The average interval from last bleed to surgery was 17.3 days (range 8 to 26). The one who died from a pulmonary embolus also had prolonged postoperative coma.
ANTERIOR CEREBRAL COMPLEX
Postoperative hemiplegia occurred in 13 (8.7%) of the 149 patients who had an operation for an aneurysm on the anterior cerebral complex. Nine patients were in good neurological condition (Grades I and 2), three had a major deficit (hemiparesis, Grade 3), and one was seriously ill (Grade 5). The medical condition was good in six patients, fair in six, and poor in one. The average interval from last bleed to surgery was eight days (range 1 to 27). All patients remained hemiplegic throughout hospitalization except one in whom it cleared. Six died within 11 days after operation following a progressive downhill course. The average age was 46.8 years (range 17 to 67). Nine patients had no vasospasm at initial angiography, three had localized vasospasm, and in one it was diffuse. In no instance was a hematoma found at operation. However, two patients in poor neurological condition and one in good condition had a hemiplegic state associated with coma. In seven patients the hemiplegic state was discovered immediately after operation; in six instances it developed between three and 72 hours.
INTRACRANIAL SURGERY
DISCUSSION
Among the three major aneurysm sites, the internal carotid group had the highest rate of postoperative hemiplegia (22%), followed by the middle cerebral and anterior cerebral group with 8.8% and 8.7%, respectively. No single factor such as age, neurological or medical condition, interval from last bleed to operation, or cerebral vasospasm alone influenced the development of this postoperative complication. In five often patients with internal carotid aneurysm, the aneurysm ruptured during the operation. In each of the following instances temporary intracranial carotid occlusion was made; a clip was misplaced on the intracranial portion of the internal carotid artery as shown by postoperative angiography, and one had occlusion of the middle cerebral artery distal to the location of the aneurysm. One additional patient developed occlusion of the internal carotid artery at its bifurcation in the neck, and in one case no factors could be determined after detailed analysis of the entire protocol and operative report. Although these were the outstanding features likely to cause the hemiplegic state in the internal carotid aneurysm patients, they were not the explanations at the other two aneurysm sites. The most likely events responsible for the middle cerebral cases were age as well as medical and neurological condition. However, little can be stated with regard to three cases in this group, a surprisingly small number for aneurysms located at this site. Patients with anterior cerebral aneurysm who developed a hemiplegic state postoperatively were generally in good neurological and medical condition, with no or localized vasospasm. The interval between last bleed and operation did not influence the development of the hemiplegic state. Aneurysm rupture during operation was not reported in the group with hemiplegia, and neither was the presence of a preoperative hematoma an influential factor. In essence, no preoperative factors could be found responsible. One can hypothesize that remote effects of operation, cerebral edema and/or vasospasm worked alone or in combination to produce the hemiplegic deficit.
Hemiparesis
Although the presence of unilateral limb weakness is indicative of major neurological dysfunction, it generally denotes a reversible process and is considered to be less severe than the previously discussed complications, coma and hemiplegia.
Postoperative hemiparesis occurred in 14.9% (34 of 228). This observation was noted immediately after surgery in 29 patients, and several hours later in five. There were nine deaths within 16 days following surgery among the three aneurysm sites; eight followed progressive deterioration and one a proved rebleed eight days after operation. In 21 patients the hemiparesis persisted throughout the postoperative period of hospitalization, and in 13 it cleared by the time of discharge.
INTIRNAL CAROTID ANIURTSM
Among the 12 patients with postoperative hemiparesis in the internal carotid group (45 cases, 26.7%), four were associated with a comatose condition. Seven patients were in good neurological condition (Grades 1 and 2), and five were in Grade 3 (major neurological deficit). It must be emphasized that in these latter cases the hemiparesis was definitely worse postoperatively. Six were in good medical condition, five were in fair condition, and one was in poor condition. The average interval from last bleed to surgery was 16.6 days (range 2 to 29 days). There were five deaths in this group following progressive decline in cerebral function within 16 days after operation. In two patients the hemiparesis cleared by the time of discharge; in ten it was permanent. The average age was 53.2 years (range 26 to 71). Eight patients had no vasospasm at initial angiography, two had localized vasospasm and in two it was diffuse. As in the group of patients with postoperative hemiplegia, there were five whose aneurysm ruptured at the time of surgery. Whether or not there is a direct relationship, each patient had immediate postoperative hemiparesis.
MIDDLE CIREBRAL ANIURTSM
In only three patients (8.8%) in the group of 34 with a middle cerebral aneurysm did postoperative hemiparesis arise as a complication. In two instances a less severe hemiparesis existed prior to surgery; in one no deficits were noted except for signs of meningeal irritation (Grade 2). Two patients were in good medical condition and one was in fair condition. The average interval to surgery was 15 days (range 4 to 24). In two cases the hemiparesis remained throughout hospitalization; in one it cleared. Average age was 48 years (range 44 to 51). Two patients had localized vasospasm and one had diffuse vasospasm.
ANTERIOR CIREBRAL COMPLEX
Among the 149 patients with anterior cerebral aneurysm, 19 (12.7%) had postoperative hemiparesis. In 13 it was noted immediately after the operation; in six it appeared during the 48 hours following the operative procedure. There were four deaths within 14 days following the operation, three following progressive postoperative decline, and one from a proved rebleed.
All patients in this group of 19 were in good neurological condition preoperatively (Grades 1 and 2). Nine were in comatose condition after operation. Twelve were in good medical condition; seven were in fair condition. Average interval from last bleed to surgery was 12.7 days (range 2 to 51). Average age was 44.7 years (range 15 to 64). Thirteen patients had no vasospasm at initial angiography, in five it was localized, and in one diffuse. In only one of the 19 patients was an intracerebral hematoma found at operation; that patient survived.
DISCUSSION
Pathological changes responsible for postoperative hemiparesis are likely due to the same mechanism as hemiplegia, albeit a less extensive or severe process. The frequency distribution of this postoperative event with respect to each aneurysm site was as follows: internal carotid group 26.7%, middle cerebral group 8.8%, anterior cerebral group 12.7%. This distribution approximates closely the percentages in cases with postoperative hemiplegia. Virtually the same rationale applies to this complication as that given in the discussion on hemiplegia. Whereas 50% of patients with postoperative hemiplegia subsequently expired, only 26.5% (9 of 34) who had hemiparesis died during the 16-day postoperative period. Since the cause of death was essentially the same in the two groups, it appears that varying degrees of infarction, edema and/or ischemia are the factors underlying coma, hemiplegia and/or hemiparesis in the postoperative state.
Aphasia
In our opinion, the cause of this disorder is the same as for other postoperative events discussed previously. In all probability, vascular insufficiency to a strategic area(s) in the dominant hemisphere (usually the left) was due to small or large vessel occlusion, in conjunction with cerebral infarction and/or edema.
The overall incidence of this disorder was 12.3% (28 of 228). In all but six instances it remained permanent throughout hospitalization. Five patients were categorized as dysphasic after surgery, 23 as aphasic. Eight deaths (3.5% of 228) occurred within 14 days following operation. In 22 patients, hemiplegia (11 cases) or hemiparesis (11 cases) was associated with aphasia, and in six no other complications were noted.
INTERNAL CAROTID ANEURYSM
Analysis of each specific aneurysm site reveals that 20% (9 of 45) in the internal carotid group had postoperative aphasia, four cases associated with hemiparesis and five with hemiplegia. Six patients were in Grade 2 preoperatively, and one each in Grades 3, 4 and 5. Six were in good medical condition; three were in fair condition. The average interval from last bleed to surgery was 13.3 days (range 2 to 41). There were four deaths in the 14-day postoperative period, all due to progressive deterioration. In all cases except one, the deficits remained permanent until the end of hospitalization. The average age was 53.3 years (range 21 to 69). Six patients had no vasospasm at the time of initial angiography; in one it was localized, and in two it was diffuse.
MIDDLE CDIIRAL ANEURYSM
In the middle cerebral group, three of 34 patients (8.8%) had postoperative aphasia. Two had associated hemiparesis and hemiplegia, one had no other deficits. Two patients were in Grade 2, one in Grade 3. All three were in fair medical condition. The average interval from last bleed to surgery was 26.6 days (range 8 to 55). In two instances the aphasia remained permanent, and in one it cleared prior to discharge. Average age was 50 years (range 44 to 54). In one patient there was no vasospasm; in one it was localized, and in one, diffuse.
ANTERIOR CERMRAL COMPLEX
In the anterior cerebral group postoperative aphasia was found in 16 patients (10.7% of 149). Four of this group were listed as "dysphasic." Five patients had associated hemiplegia, six had hemiparesis, and five patients had no associated neurological deficits. Eleven patients were in good neurological condition (Grade 2), four were in Grade 3, one was in Grade 5. Six were in good medical condition, nine in fair condition, and one was in poor condition. The average interval from last bleed to surgery was 11.6 days (range 1 to 45). In 12 the aphasic or dysphasic disorder remained permanent; in four it cleared prior to discharge. Average age was 41.6 years (range 17 to 68). No vasospasm was noted at initial angiography in 12; localized spasm was present in three, and diffuse in one.
In summary, 20% of patients with internal carotid aneurysm had aphasic deficit, 8.8% of the middle cerebral group, and 10.7% of the anterior cerebral group. Aphasic deficit was associated with hemiparesis or hemiplegia in 78.5% (22 of 28). Therefore, in most instances aphasia was noted in association with other deficits, all of which are likely caused by the same pathological mechanisms.
Confusion and Dementia
Postoperative confusion and dementia were more difficult to analyze, but were of considerable significance in terms of the functional aspects of the patient. One can suspect that frontal lobe functions were compromised by the same pathological processes as discussed previously.
The frequency of confusion and dementia was 8.9% (4 of 45) for the internal carotid group, none for the middle cerebral group, and 18.8% (28 of 149) for the anterior cerebral group, an overall incidence of 14% (32 of 228 operations). Two of four patients in the internal carotid group had postoperative hemiparesis, and four of 28 in the anterior cerebral group. All remaining patients (two internal carotid and 24 anterior cerebral) were noted to have confusion and/or dementia as the only postoperative deficit. Two patients (6.3% of 32) died within 14 days after surgery following progressive deterioration
INTRACRANIAL SURGERY
in one a gradual comatose condition developed and the other had immediate postoperative hemiparesis.
Analysis of this group of patients reveals that 27 (84.4% of 32) were in Grades 1 and 2, and five were in Grade 3 preoperatively. Sixteen (50%) were in good medical condition, 14 were in fair condition, and two were in poor condition. The average interval from last bleed to surgery was 12.6 days (range 2 to 42). In 20 patients (62.5% of 32) the problem was temporary in that the mental derangement cleared by the time of discharge; in 12 (37.5% of 32) it remained permanent throughout hospitalization. Average age was 49 years (range 18 to 65). Twenty patients (62.5%) had no vasospasm, in eight (25.0%) vasospasm was localized, and in four (12.5%) diffuse.
DISCUSSION
The most striking finding was the absence of patients in the middle cerebral group with difficulty in the form of dementia or confusion. This has been the trend for this group throughout the analysis of postoperative findings. The internal carotid group had only four patients, two with associated hemiparesis. Twenty percent of the internal carotid group had postoperative aphasia, hemiparesis (26.7%), or hemiplegia (22%). The higher number of cases with confusion and dementia among the anterior cerebral group (18.8%) implies that a considerable amount of vascular and/or edematous change occurs in the distribution of the frontal lobes. The question arises in how much mechanical manipulation at the time of surgery was responsible for precipitating these changes in an already compromised brain. In all cases, preoperative mental derangement was not evident since patients in Grades 1 to 3 were alert and oriented in all spheres. In 57.1% confusion and dementia cleared prior to discharge.
Miscellaneous Complications
In addition to the neurological dysfunctions associated with the surgical procedure as discussed in the preceding section, a number of additional events were noted to occur less frequently.
INTISNAL CAROTID ANEURYSM
In this group of 45 operated patients, one had a blood transfusion reaction during the operation and died with subsequent anuria. During the postoperative period, two patients were treated for a scalp wound infection necessitating antibiotics and/or surgical drainage. In one additional patient a subdural hematoma with encephalomalacia developed. In one instance each, diabetes insipidus, diabetes mellitus, and fever of unknown origin for four days needed special attention.
Pulmonary infections were treated in eight patients during the postoperative period. There were four who were treated for genitourinary tract infection. Four were treated for gastrointestinal hemorrhage of mild to moderate severity, and three had electrolyte imbalance sufficiently severe to necessitate administration of special intravenous fluids. There was one report of peripheral venous thrombosis in the postoperative state, but none of pulmonary emboli. Hydrocephalus requiring an internal shunt procedure occurred in one patient. In no instances were convulsions noted in the postoperative period. All of the above conditions occurred in 19 patients (42.2% of 45).
MIDDLE CIRIIRAL ANEURYSM
During the operative procedure, a transfusion reaction developed in one patient. Severe vasospasm was noted in this same patient during the operation. Postoperatively, in one instance each the following conditions were treated: subdural hematoma, pneumothorax and later cardiac arrest, pulmonary infarction, myocardial infarction, peripheral venous thrombosis with a fatal pulmonary embolus, peripheral venous-thrombosis without pulmonary embolus, and one instance of electrolyte imbalance. Three patients were treated for a pulmonary infection, five for a genitourinary tract infection. None was treated for postoperative wound infection, gastrointestinal hemorrhage, hydrocephalus, or convulsions. Two developed postoperative intracerebral hemorrhage, documented by re-operation. Among 34 patients with a middle cerebral aneurysm, 15 (44.1%) had these various postoperative events.
ANTERIOR CEREBRAL COMPLEX
In this group, 149 patients were operated. During the operative procedure difficulties such as cardiac or respiratory arrest, pneumothorax, and rupture of the aneurysm during induction of anesthesia occurred respectively in as many patients. Postoperatively, a wound infection at the surgical site was treated with drainage and antibiotics in four cases, evacuation of a subdural hematoma in three additional patients, and an epidural hematoma in one. Medical complications occurred in the form of pulmonary infections in 14, electrolyte imbalance requiring special intravenous therapy in 13, genitourinary tract infection in ten, gastrointestinal hemorrhage in six, peripheral venous thrombosis with pulmonary embolus in five (two fatal), and five with peripheral venous thrombosis without pulmonary embolus. Hydrocephalus developed in four patients requiring an internal shunt procedure, two acquired a pneumothorax, and in one instance each a myocardial infarction, cardiac arrest 24 hours postoperatively, a respiratory distress syndrome, and convulsions occurred. All of the above were observed in 73 of the 149 patients (49%).
INTRODUCTION
Aneurysmal rupture during intracranial dissection has always been dreaded by the surgeon. Special attention must be given to this possibility because of its effect on the eventual outcome. The amount of extravasated blood, rate of ejection, and specific location of rupture are variables which were extremely difficult to interpret. Characteristic descriptions in the protocols were "brisk bleeding," "a small jet of blood," "ruptured during dissection," "bleeding after clip applied," and a few cases of brief "uncontrolled bleeding."
INTIRNAL CAROTID ANEURYSM
Among the 45 operations in this group, in 17 patients (37.8%) bleeding occurred from rupture of the aneurysm during operation. The average age was 48.4 years (range 16 to 69); seven were males, and ten were females. Average angiographic aneurysm size was 227.6 mm 3 (range 18 to 655 mm 3 ). Thirteen patients were in Grades I and 2, two in Grade 3, and one each in Grades 4 and 5. In no instance was a preoperative hematoma described. In 11 (64.7%) of the 17 there were postoperative complications: coma in two, coma, hemiparesis or hemiplegia and aphasia in three, hemiparesis or hemiplegia alone in three, and hemiplegia and aphasia in three. This compares with postoperative complicating events in 60% (27 of 45) for all operations. These two figures (64.7% and 60.0%) are not significantly different, and therefore rupture of the aneurysm during surgery appeared to produce no change in the rate of postoperative neurological deficits at this aneurysm site. Six of the 17 (35.3%) died within 14 days following operation, all attributed to progressive cerebral deterioration.
MIDDLI CIREBRAL ANIURYSM
There were seven cases of aneurysm rupture (20.5%) in the 34 operations in the middle cerebral group. The average age was 48.8 years (range 37 to 59); five were males, and two were females. Average angiographic aneurysm size was 609.4 mm 3 (range 15 to 2,520 mm 3 ). Two patients had a preoperative intracerebral hematoma. Preoperatively, four patients were in Grade 2, one in Grade 3, and two in Grade 4. Two patients had postoperative coma and died, and one had hemiparesis and remained alive. Total numbers involved are too small to draw any further conclusions, except to say that none of these variables was responsible for predisposition to aneurysm rupture. Four of the seven died within 14 days following operation, three following progressive decline in cerebral functions, and one due to a proved rebleed.
ANTERIOR CEREBRAL ANEURYSM
Aneurysmal rupture at this site occurred in 10.7% of the patients (16 of 149). Average age was 43.5 years (range 17 to 76); ten were males, and six were females. Angiographic aneurysm size averaged 460.4 mm 3 (range 210 to 1,248 mm 3 ). There were no preoperative hematomas. Preoperatively two patients were in Grade 1,12 were in Grade 2, and two in Grade 3. Five patients had postoperative coma and died; three had coma, hemiparesis and aphasia with two deaths; five had dementia or aphasia, and one had hemiplegia and aphasia. Two patients had no postoperative neurological deficits. Five deaths (31.2% of 16) occurred within 14 days following operation, all following progressive clinical deterioration.
DISCUSSION
Aneurysms on the internal carotid group had the highest incidence of rupture (37.8%), followed by middle cerebral (20.5%) and anterior cerebral (10.7%). However, the anterior cerebral group had the highest rate of postoperative neurological deficits (87.5% or 14 of 16). This was followed by the internal carotid group with 64.7%, and in the middle cerebral group with 42.8%. These percentages are based upon the total number of aneurysms that ruptured within each site. Of the 40 patients whose aneurysm ruptured during operation, 15 (37.5%) died within 14 days following the procedure.
Mortality in Various Centers
Of the 15 Centers contributing to this Study, two ceased participation. One contributed only one case, the other contributed none at the time of withdrawal from the study group. Because of the relatively large number of surgeons involved, one might expect that the mortality might be different for a variety of reasons. Such reasons might be related to the surgeon's experience in the intracranial surgery of aneurysms, the source and character of case material under his care, the physical facilities and personnel with which he had to work, and the surgical philosophies of the individual surgeon. In general, 
Discussion
Those patients who did not have intracranial surgery require little comment. We have previously alluded to this group, questioning the validity of including them in the overall morbidity and mortality because they did not undergo surgery. These patients were left untreated because in the judgment of the surgeon, a successful operation was precluded by their poor clinical state, usually following a recurrent SAH. It may be argued that there is nothing lost in operating upon such patients so that operation should have been undertaken. On the other hand, experience has shown that operation in this type of patient has not been very fruitful. Whether it is wiser to attempt a surgical procedure to salvage a very small percentage of such patients who might survive in a vegetative state or whether one should not operate upon such patients whose neurological fate is highly predictable is a matter of dispute. This is an unanswered philosophical question.
The average overall mortality in this large series of patients treated for aneurysms at the three major sites was 36.8%. For the anterior communicating com-
